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In the present study, the osmoregulatory pattern of
the snakehead Ophiocephalus maculatus Lacepede and the
role of the urophysis in osmoregulation were investigated.
When the snakeheads were adapted to different
higher than normal salinities, there was a significant
increase in plasma osmolality, Na+, Cl- and Mg++ levels.
On the contra y, a consistent decrease in muscle and gill
iP,ater content was also observed. These results indicate
that Q hiocephalus is a stenohaline osmoconformer. Evidence
for cortisol and gill Na-K-ATPase involvement in osmoregulation
was found .in this species. Moreover, a significant elevation
of plasma protein level and a decrease in liver glycogen
storage as well as a concomitant decrease in hepato-somatic
index were also observed when the snakeheads ere adapted
to higher salinities, indicating that salinity adaptation
could also influence the intermediary metabolism in this
species.
In fresh water adapted snakeheads, urophysectomy
significantly degreased plasma Na+ and Cl- levels, On the
other hand, this treatInent produced an increase in plasma
glucose and a concomitant decrease in liver glycogen
storage both in FW and 40% SW. moreover, injection of
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Qphcephalus or Gillichthys urophysial extract significantly
elevated plasma osmolality, Na+, Cl.. and glucose levels in
FW-adapted snakeheads. The hyperglycemic response to
urophysial extract injection was still observed when the-
animals were adapted to 40% SW. However, significant
reduction of plasma Na+, Cl and K+ levels was evident
when urophysial extract was injected into 40% SW--adapted
fish. However, when prolactin secretion was inhibited
by ergometrine,urophysial extract decrease plasma
glucose concentration and return the Na+ and Cl-levels
back to normal. These results strongly suggest a role of
the urophysis n metabolic and ionic regulation in
snakehead. Metabolic regulation involving urophysis-
hypophysis interact- on is also suggested,, On the-other-
hand, the hypernatremic and hyperchloremie ffects of the
urophysial principle are independent of prolactin,
Immersion of Ophiocephalus in a prostaglandin
synthesis inhibitor( aspirin) solution for 24 hours
significantly lowered plasma o s molality, Na+ and Cl
levels. In FW-adapted animals, such treatment abolished
the hypernatremic and hyperchloremic respc:ise to
urophysial extras t injection but the hyperglycemic e f fectt
was not affected. When 1+0/ SW-adapted fish were pretreated
with aspirin, urophysial extract no longer lowered plasma
6ion levels but hyperglycemia was still apparent, These
findings suggest that whereas the osmoregulatory effects
of the urophysial principles may act via prostaglandin
synthesis, the hyperglycemic effect is independent of
prostaglandin involvement.
irthermore, urophysial extract produced a dose
dependent increase in UFR, urine osmolality, Na+ and Cl_
levels. These results clearly demonstrate the renal effect
of the teleostean urophy is and provide a potential
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chapter I General Introduction
Teleosts maintain ionic concentrations of body
fluid that are distinctly different from that of their
fresh water or marine environment. The mechanisnm for
osmotic and ionic regulation by teleost have recently
been reviewed by Maetz (1974, 1976), and it is clear
that various organs participate in the.osmoregulation
of teleosts. These organs include the renal cornpltx-
(kidney and urinary bladder), as well as extrarenai
organs such as the gill and the intestine. It is well
established that several hormones exert profound influence
on the rates of mowemento of water and electrolytes
through these organ6( Johnson, 1.973 Bentley, 1976
Evans, 1978).
Although the secretory role of the caudal
rieurosecretorry system, including its neurohaemal organ,
the urophysis has been discovered a long, time ago
(Fridberg and Bern, 1968 Bern, 1969), the physiological
role and the importance of this endocrine system is
still not clew- at present( Bern and Kobayashi, 1978
osmotic and ionic regulation in teleosts has been
frequently suggested( Berlind, 1973 Lederis et ala,
1974 Chan, 1975 Chan and Bern, 1976 Cheralier,
1976, 1978 Bern and Lederis, 1978 Fryer et.al,'1978
However, a role. for the caudal neurosecretory system in
3Bern and Nichioka, 1979 ).
Yagi and Bern (1965) reported that changes in Na+
concentration altered the spontaneous firing rate of the
caudal neurosecretory cells in Tilapis mossambica. In
cells after injection of urophysa al extracts, there is an
increase in urine flow and glomerular filtration rate
( Chan et al.,1969; Chester Jones et al., 1969;
G1ian 1975).Lederis (1970a, b) showed that the teleost
urophysis contains a factor that could cause contraction
of the urinary bladder of the rainbow trout. Release of
this factor can be elicited intro by depolarization of
urophysial cells of the goby, Gillichthys mirabilis
using a high concentration of K+( Berlind, 1972), In
sea water acclimated Gillichthys mirabilis, 2 and 4 hours
after receiving an intraperitoneal injection of Gillichth
urophysial homogenate, plasma sodium, magnesium and chloride
levels were significantly greater than those observed
following a saline injection( Fryer et al., 1978), These
findings demonstrate an effect of the urophysic oil osmotic
and ionic regulatory mechanisms in eurynaiine teleosts.
However, the relationship between the caudal neurosecretory
system and osmoregulation in fresh water stenohaline
teleosts has received little attention and only fragmentary
information is available.
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The present study attempts to investigate the
osmoregulatory role of the urophysis in a stenohaline
fresh water.teleest, the snakehead fish, Ophiocephalus
maculatus Laoepedeo
The study is divided into three sections:
1. The general effects .o f salinity acclimation on the
snakehead will be surveyed.
2.A report on the effects of urophysectorny will be
presented.
3. The effects of urophysial extracts administration
will be correlated with the previously obtained
results.
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chapter II Literaturew
Ao Fish Osrriore 21ation
Osmoregulation refers to the collective activities
of the variety (if mechanisms used by organisms to achieve
relative constancy of the intracellular and extracellular
fluids,
Generally, fishes can 'be either osmoconformer or
ornoregulator, depending on their .response to fluctuations
in environmental osmotic concentrations..
An osmoconformer does not regulate the osmotic
concentration of its extracellular body fluid rather
this fluid conforms to the concentration o f she external
environment In contrast, the osmoconcentration of the
extracellular fluid of an osrioregulator remains relatively
constant when the osmotic pressure of the exterulal
environment fluctrateso However, there are many inter..
gradations between-these two categories, because species
not only differ from one another, but also vary in osrmo-
regulatory ability even during the lift .history of an
individual( Shen and Leatherland, 1978 Ogasawara of al,
1978). Moreover, fishes can also be plaeed into categories
based on their abilities to survive in different osmotic
environments. Stenohaline- fishes have oily a limited
tolerance to changes in the osmotic pressure of the external
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environment. Most fishes fall into this category. Euryhaline
fishes can tolerate a wider range of osmotic pressure
although the degree of tolerance depends on the length of
the acclimation period( Stanley and Fleeing, 1977 Bath and
Eddy, 1979), age( Reynolds and Thomson, 197k Ogasawara
et al., 1978 Shen and Leatherland, 1978) and other
factors such as environmental temperature( Nelson, 1968
Garside and Chin--Yuen-Kee, 1972 Mackay, 1974 Reynolds
L.nd Thomson, 974). However, such a classification is
not rigid, some fish being more or less stenohali ie while
others are more or less euryhaline, and there is no s'Zarp,
division between the two classes. .For instance, the fresh
water goldfish( iahlou et al., 1969) and the marine perch
(. Motais et al.., 1966) can both live in. salt solutions
about one-third the concentration of the sea. Some eury-
haline fishes, such a.,4 the eel( Fenwi^k, 1979: Mackay
and Janick, 1979) can vo-ithstand.direct transfer from sea
water to freshwater, o v,- vice versa, others, such as the
lamprey, during- their anath'omous migration, will die if they
are returned to the sea( Morris,, 1960 Beamish et al., 1978 )e
ashes contain an amount of water that is equivalent
to 70 75% of their body weights an art: ant that is similar
to the water content of most other vertebrates( Thorson,
1959, 1961, 1962 Mac. arlane, 196k Bradshaw and
Shoemaker, 1967 Gangong, 1979). The distribution of
8this water in the body varies considerably in different
species( Thorson,1961 ).
The solute content of the plasma in representatives
of the main grr v.ps of fishes has been measured( Robertson,
1954) 1975, 1976 Bellamy and Chester Jones, 1961 Murray
and Potts, 1961 Parry, 1961 Fange and Fugelli, 1962
Sharratt et al,, 1964 P.ickford and Grant, 1967 Denton
and Yousef, 1975 Spaargaren, 1976, 1978 Mangum et ale,
1977 Warner and Williams, 1977 Hilmy at al, 1978
Potter and Beamish, 1978 Putnam and Freel, 1978 Vuren
and Hattingh, 1978 Clark et al., 1979.). It is found
that the osmotic concentrations of teleosts that live in the
sea range from 35 to 1200 m0sm/kg, with most values
being lower-than 500 This range is higher than that of
the fresh water teleosts( about 200- 300 mOsm/kg).
This. difference probably reflects the adaptati'n of the
two groups in rnai.n'.,aining osmotic homeostasis efficiently
in their respective habitats.
Euryhaline teleQsts, like the flounder, salmon and
eel, have a plasma osmolarity which is about 20% greater
in the sea than in fresh water, and this ik- the result of
an elevated Na+ and Cl- concentration. Such marine fishes
are considerably hypoosmotic their plasma osmotic pressure
being 2 to 3 times less than the sea water that bathes them.
9The only exception among the ostei chthyos appears to be
the relict crossopterygian,Latimeria, whose plasma is
slightly hypertonic to the sea water. This phenomenon
is mainly due to the retc ntion of urea in the body fluids
( Pickford and Grant, 1967).
Elasmobranchs also maintain a high plasma osmolabity,
in many cases being slightly higher than that of the sea
water( Robertson, 1975; Pang et al., 1977 ). However,
plasma ions are kept at levels lower than that in sea water.
It has been shown that certain organic solutes such as urea
(Haywood, 1973; Forster and Goldstein, 1976; Chan and
Wong, 1977), trimethylamine oxide( DeVal ring and Sage,
1973) and free amino acid( Forster and Goldstein, 1976;
Boyd et al., 1977) contribute in maintaining a high
plasma osmolarity in elasmobranchs( Pang et al., 1977).
In most teleosts obsei-veU, such organic molecules, i.e.
urea, trimetliylamine oxide and free amino acids( Colley
et al., 1974; Ahokas and Duerr, 1975a; Ahokas and Sorg,
1977; Daikoku, 1977), as well as serum protein( Cordier
and Barnond, 1959; Farghaly et al., 1973) and plasma
cholesterol( Poluhowich and Parks, 1972) are hypothesized
to be involved in the metabolic mechanism for teleostean
osmoregulation, because such ierameters are elevated
consistently with an increase in environmental salinity.
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Furthermore, Ahokas and Sorg( 1977) reported that there
was a striking.high proportion of taurine in the total
amino acid pool in Fundulus diaphanus( about 1 /3 of the
total free amino acids but the evidence for the involvement
of this amino acid in cellular osmoregulation was lacking.
However, recently, Epple and Kocis( 1980 )-showed that the
taurine concentration in the muscle of the American eel
same trend also existed in the gills, but the decr`,ase
was not significant. The fall in taurirc concentration
in sea water adapted eels is.the opposite o f what one would
expect of a substance that acts merely as an osmoregulatory
agent. However, it was suggested that in this case taurine
could be exchanged .for other intracellular osmolytes which
have an additional specific function during adaptation to
higher osmolarity( Epple and Kocis, 1980)
Moreover, blood glucose has frequently been suggested
to play a role in fish osmoregulation. i Bergstrom, 1971
Umminger, 1971 Assem and Hanke, 1979). Bergstrom( 1971)
observed that' blood N.+ levels decreased concomitantly with
increased blood glucose levels in Salmo salar adRpted to
distilled water. Assem and Hanke( 1979) rerorted that in
distilled water adapted Tilapia mossambica, there was a
significant increase in blood glucose. Therefore, blood
glucose was suggested to be important fo-., the regulation
decreased profoundly after transfer to sea water, and the
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in osmotic stability in toleosts. However, Ahokas and Duerr
( 1975b) reported that the elevation of blood glucose in
distilled water-adapted Fu dulus d a eras the response
to the shock of direct. transfer to the drastic environment.
Since contradictory results have frequently been reported
( Cordier and Barnound, 1958, 1959a Huggins and Colley,
1971 Ahokas and-Duerr, 1975a), the involvement of
metabolites, i.e„ plasma glucose, proteins, total lipids
and free amino acids in teleostean osmoregulation remains
unresolved.
From the example given in previous paragraphs, it
seems that the effect of osmotic stress on the patern of
changes in the osmotic concentration o f body fluids can
be predicted. However, fishes have a variety of mechanisms
to overcome such osmotic stress. Although the mechanisms
of osmoregulation have nc.-t been investigated the present
study, a knos ledg of th' mechanis.-m involved is pertinent
to the understanding of the pattern of changes in electrolyte
composition of various body compartments, Therefore, the
osmoregulating mechanisms employed by sea water and fresh
water teleosts are -briefly' reviewed in the following
paragraphs.
Sea Water Fishes
For the hypoosmotic animals, the sea resembles the
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land in being a desiccating environment. Therefore, sea water
teleosts are confronted with a continuous osmotic loss of
water. Moreover, the concentrations of Na+, Cl.- and many
other ions are lower in he body fluids of sea water teleosts
than. in the sea, so that these animals are also faced with
a tendency to gain salts by diffusion from the ambient
environment. It is generally accepted that the passive
outflux and influx of salts occur mainly across the thin and
vi scuiarized membranes of the pharynx and gills( Maetz,
1970, 1976) The permeability of the general body surface
is low, as expected for animals that maintain large
differences in composition between their body fluids and
the environmental medium. Evans (1969) demonstrated
that all the marine fishes which he studied -:sere less
permeable to water than the fresh water species.
In a hyperosmoti( environment, the fisil must replace
its osmotic G.nd u) inary crater loss by constantly drinking
sea eater and absorbing water front the intestine( Kirsch,
1972 Hirano, 1974 In a classical experiment, Keys
( 1933) showed that when a balloon was placed in the
pharynx of a sea water acclimated eel, thereby preventing it
from drinking, it lost weight rapidly (12-13% body weight)
and died from desiccation meter the third clay of treatment
It is Postulated that when. sea water is ingested Sit is,
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of course, hyperosmotic to the body fluids, and the initial
tendency would be for water to. move by osmosis from the
body fluids into the gut fluids rather than in the opposite
direction. There is evidence from eels that this actually
occurs( Ando, 1975 Ando et al., 1975). Salts diffuse
from the gut fluids into the body fluids, and there is
accumulating evidence of an active absorption of Na+ and Cl
from the gut fluids( Maetz, 1970, 1976). This active
absorption is believed to be central to.the ultifILkte.
absorption of water. It is suggested the.t once thy gut
fluids have become isomotic to the body fluids by osmotic
influx of water and loss of salts, further active absorption
of salts,-by tending to cstablish hyposmoticity in the gut
fluids, will result in osmotic absorption of water( Kristensen
and Skadhange, 1974) 4 Furthermore, it is demonstrated
that a chloride pump which exists in the fish intestine,
is responsible for the water and salt transportation( Ando,
1975 Ando et al., 1975 Smith et ale, 1975).
Most of the water and the ions ingested by sea water
fish are probably absorbed in its. passage through the
intestine(Shuttleworth and Freeman, 1974), The principal
divalent ions, magnesiu'm and calcium, tond to be left behind
in the gut though there is some diffusion into the body
fluids. The residuum of water, divalent ions and other
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ions is voided in the feces( Kristensen and Skad.hene, 1974)
We now come to the question -of how the fish eliminate
excess ions that enter the body fluids from the 'gut and from
the medium across the gills and other body-surfaces. It was
Chown that excess divalent ions are voided in the urine at
concentrations exceeding their plasma levels( Schmidt-
Nielsen and Renfro, 1975)© Most of the excess Naf and C1
are excreted by active transport across the gill( Bellamy,
1961 Maetz, 1971, 1976 Greerwald. et al., 197ka It
is shown that extra renal excretion of ions is necessary
because fish cannot produce urine that hype.rosmotic
to the sea water'( Sha ratt et al., 1964. Stanley and
Fleming, 1964 Fleming and ,Stanley, 1965) A Marine fishes
form essentially- iso-osmo tic urine. Such urine can serve
as a route of -preferential loss for certain solutes, such
as the divalent ions(Eichman and Trump, 1960)
Present evidence( Evans, 1975 Maetz, 1976 Karnaky and
Kinter, 1977 Karnaky et al., 1977 Nonnotte et al., 1979)
indicates that the active excretion of monovalent ions by the
skin and gill is, in fact, accor-ip_Ushed without concomitant
excretion of waterm
a. The. Gill of Sea Water Fishes
The gills of euryhaline telees is have been studied
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extensively because of their essential role in respiration
(Steen and Kruysse, 1964) and osmoregulation( Maetz, 1976 ).
It was reported that extrabranchial gain of Na+ and C1
which occurred as a result of drinking, was extruded through
the gills( Bellamy, 1966- Greenwald et al., 1974)• The'
gills of sea water fish are thus the site of considerable
Na+ and C1 exchange, with the out flux exceeding the
influx by an amount which is about equivalent to that gained
theough the gut Maetz, 1970, 1976). Such an extrarenal
echanism for excretion of Na. and C1 provided the channel
that must be present in marine teleosts in order that
they can drink sea water and maintain a positive water
balance( Shutteworth and Freeman, 1974) a Such active salt
excretion appears to be characteristic. of ma.i ine teleosts
and probably the lampreys( Morris, 1957, 1960 Morris
and Pickering, 1975), but has not been demonstrated in
marine elasmobranchs, The latter, however, possesses an
alternative channel for extrarenal salt excretion, i.e. the
rectal gland( Pang et al. 1977 Wong and Chan, 1977),
b. The Chloride Cell
It has frequently been suggested that the salt
secretion of gills was related with a kind of cells,
called chloride cells which are located at the base of
the gill filament( Maetz and Bomancin 1975) o These
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cells are unique in that they contain numerous mitochondria
associated,with an extensive membranous tubular system which
is contiguous with the basal-lateral surface of-the plasma-
lemmas Thus they have a1_ co been called mitochondria-rich
ells, which are considered to be involved with the active
transport( Morris, 1957 Conte and Lin, 1967). Accumulative
evidence favours their role in osmotic regulation( Philpott
and Copeland, 1963 Shirai and tJtida, 1970 Utida et ale,
171 Motais and Garcia-Pomeu, 1972 Maetz and Bomancin,'
1975 Morris,and Pickering, 1975 Karnaky et al,, 1976a, b
1977 Doyle, 1977 Karnaky and Kinter 1977
Nonnotte et al..1979)
For se Y eral years it has been wid ly. accepted that the
membrane-bound Na-K-dependent adenosine-triphosphatase
transport of Na+ and K' a(ross the cell inemmmbranF.. Recently
it has been d mono irate d that Na-K .-ATPa se is in fact the
sodium pump( Wallick. et al., 1979-),
As with many other ion transporting epithelial cells,
pia-K-ATPase has been identified in the sills of several fish
species such as the killifish( Epstein tt al a 1967
Karnaky et al., 19 76b '),and the eel( Motals, 1970,
Kamiya, 1972 Thomson and Sargent, 1977). The gill
epithelial cells, possibly chloride cells which possess
( E.e.C.e.3.6.1.3) is the enzymatic machinery for the active
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this enzyme, are thus able to move monovalent ions across
the entire layer of cells from one fluid to another
( Kamiya,. 1972 Sargent et al., 1975 111amaky et ale, 1976b).
In .euryhaline telcosts, the gill Na-K--ATPase activity
( Sargent et al., 1975 Towle et al., 1977 Hos 3ler et al,
1979) and the number and size of chloride cells in the gill
epithelium increase when these fishes are transferred
from fresh water to sea water( Utida et al., 1975
Maetz and Bomancin., 1975 Thomson and Sargent, 1977).
Moreover, the level of Na-u-ATPase in-the gills are also
four to five times greater in teleost that normally are
exclusively confined to sea water than in those which are
limited to fresh water( Kamiya and Utida, 1969 Jampol
and Epstein,1970). These results reflect the ability of
such fishes to extrude larger quantity of salts into the
sea water. by means of Na-K-ATPase, thereby maintaining
a stable plasma ion concentrations.
The exact mechanism by which environmental changes
stimulate Na-K-ATPase activity is. not fully understood,
but there is tvidence for hormonal involvement CortisoI
and prolactin are known to affect gill Na-K-ATPase activity
in response to environmental. salinity( Epstein et al.,
1971). It was demonstrated that cortisol appeared to be
a hormonal mediator of salt water adaptation, both
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facilitating increased sodium transport and inducing an
increased-activity of Na-K-ATPase in the gill( Pickford
et al., 1970b) 0 On the other hand gill Na-K-ATPase was
reduced by prolactin( Picszford et al., 1970a -Gallis
et al., 1970a). These two hormones seem to act anta-
gonistically in regulating water electrolyte balance,, with
cortisol having a more important action in sea water and
prolactin in fresh water. Moreover, Folmar and Dickhoff
( 1979) demonsLrated that thyroxine, could also stimulate
gill Na-K-ATPase activity. However, the significance
of such action is still not clear.
2. Fresh Water Fishes
Fresh water fishes are continually faced with. the
need to dispose of the water which they absorb osmotically,
because the concentration of their body fluids is greater
than that of their enviroz. L ent( Black, 1957) m The
kidney eliminates this flow of water by excreting a large
amount of very diluted uriri® However, despite reabsorption
of salts in the tubules,. this urine Is richer in salts than
the external environment There is there fore a continual
loss of ions th,ough the urine, in addition to the losses
by diffusion at the level of the i.n teguren is and especially
the gills( Hickman and Trump, 1969). The loss is
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compensated by' an active absorption of ions at the gills
( Maetz, 1970 1971t 1976 Shuttleworth and Freeman, 197Lha, b)•
As the fresh water fishes face a continuous water influx, they
have little need to drink. As these fishes are able to
maintain their osmotic balance during prolong starvation,
the gut is believed to play a negligible role in osino-
regulation( Maetz, 1970).
It is well known that fresh 'water animals must take
up ions from the environment to maintain osmotic ba!ante,
Maetz( 19740 demonstrated the presence of well developed
salt transport system in a variety of aquatic animals, and
the gill seemed tc be an important' osmoregulatory organ.
in fresh water fishes.
a.The-Gill of Fresh Water Fishes
As described previously, in fishes that a.,e not
feeding, the accumulation of ions is almost entirely
accounted for by the active uptake of ions across the gills
( Maetz, 1970, 1971, 1976 Shuttleworth aid Freeman, 197LEa, b)
Furthermore, recent studies have shown that the mechanism
of Na+ and Cl' accumulation by the gill of fishe,3 in fresh
water involves exchanges of ions within the body. It is
suggested that Na+ enters the gills in exchange for NH4
while external Cl' exchanges with bicarbonate( Garcia
Romen and Maetz, 1964; Maetz and Garc.i-A Romen, 1964




Na-K-ATPase has also been identified in the gills of
Fresh water adapted teleosts( Epstein et a1, 1967
Motais), although the level of activity is less than half
of that in sea water. However, it is still not clear that
whether gill Na-K-ATPase is concerned in the mechanism of-.
at tive, .accumulation of Na+ in fresh water as it is with
extrusion of this ion in the sea. Motais( 1970) found
that while the levels of Na--K-ATPase- activity in the gills
of eels in sea water could be reduced by treatment with
actinomycin D, the activity of this enzyme in fresh water
fish was unaffected by this antibiotic a Rerciitly, s i_rnilar
result was reported( Gallis et al,,, 1979a) e Actinomycin D
is an inhibitor of protein synthesis and cell division
and thus, prevents the protein renewal which is characteristic
of the initial stage of sea water adaptation in euryhaline
teleosts( Conte-, 1969) a This antibiotic is said to
produce a complete failure of the salt excreting mechanism
in sea water adapted fish with i_n a week. and also in fresh
water adapted fish transferred to sea water, but not in
fresh water kept in this medium( Maetz and Boniancin, 1975)
Therefore, it has been suggested that there are two functional
forms of gill Na-K-ATPase present, One functional form, which
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is actinomycin D sensitive, mediates. ion extrusion in sea
water. The other form, which is actinomycin D nonsensitive,
is involved in ion absorption in fresh water. To support
the possibility that two funda.mently different pumping
mechanisms are operating in fish gills, i4e. one in high
salinity environments and another in low salinity, Pfeiler•
and Kirschner( 1972) have showed that rainbow trout
acclimated to sea water possess a gill ATPase that is dependent
oi both Na+ and K+ and is inhibited by ouabain while
trout acclimated to fresh water possess a gill ATPase that,
after preincubation at 37°C, exhibits activation by N.a+
alone and relative insensitivity to ouabain, This Na+-
dependent ATPase (Na-ATPase) may be involved in absorption
of Na+? n fresh.wate'ra However Towle et cLle( 1977)
reported that the Na+-transport ATPase from gills of
Fundulus heteroclitus acclimited to fresh water is
indistinguisha le from t at of fish acclimated to sea
Water, suggesting that the same Na+-,pumping mechanism is
operative in each salinity. The lower gill Na-K-ATPase
in fresh mater adapted ,fish may be due to the fact that the
rate of accumulation of Na. in fresh water is far less than
its rate of secretion in sea water( Meet:, 1976), so that
the requirement for Na-K-ATPase in fresh ,,,rater is probably
less, As yet there is no direct evidence to indicate
that such enzyme system is concerned tir Lth active branchial
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Na+ accumulation in fresh water fish, but it seen is likely
that it may perform this role, just as it does in
so many other tissues
B. The Caudal Neuroicretory System
1 General
Maintenance of-salt and water balance in fishes appears
to involve several d fferent hormones( for detail, see
reviews by Bentley, 1971, 1976 Utida et al., 1972-
Johnson, 1973 Sawyer, 1973 Fingerman, 1974 Pang, 1977
Evans, 1978).Tor example, cortisol -is suggested to be a
salt-excreting hormone in fishes living in hype ro-smotic media.
It increases the water influx in sea water adapted fish
( Gallis et al,, 1979a). Thus, this hormone is suggested
to be important in sea water adaptation, Recently Bern
( 1975) has extensively reviewed the involverren t of
pro-lactin in vercebrate osmoregulation and concluded that
this hormone is. important .n maintaining an osmotic balance
in fish adapted to fresh water. It is found that, hypo-
physe c for sy in fresh water adapted eel causes a decline in
electrolyte and metabolite conJA.ontratio, in various body
compartments( Chan and Woo, 1978a,b,c). is decrease can be
attributed to the gain in water from the ambient envi_conment.
On the other hand, prolactin injections produce a sJ_gnificant
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increase in plasma electrolyte concentrations when the
.teleosts are adapted to sea water( Dharmamba et al., 1973
Loretz, 1979). The accumulation of ion is probably the
result of a reduced rate. of sodium chloride secretion from
the branchial chloride cells, possibly as a result of.an
inhibition of eta-K--ATPase.(- Pickford et al., 1970a
Gallis et al., 1979a.). Moreover, it is suggested that
prolactin reduces permeability to water( Ogawa et ale, 1973),
as well as the transfer of fluid across the fish intestine
and urinary bladder( Utida et al., 1972). Thus, apparently,
prolactin may have a physiological action in preventing over-
hydration of fish in fresh water by facilitating the excretion
of water. Moreover, other hormones such as neurohypophysial
peptides( Pang, 1977),thyroxine (Folmar and Dickhoff,
1979), epinephrine( Icaia et al., 1973, 1979 Isaia, '1979),
calcitonin( yamauchi, 1978) and'the putative hormone of
the Corpuscles of Stannius( Lwowski, 1978 Milet et al.,
1979) can also affect osmotic balance of teleosts.
The caudal neurosecretory system has also been
implicated to ontrol the osmoregulatory processes
( Fridber, and Bern, 1968 Bern, 1969 B rlind, 1973
Lederis et al.. 1974 Chan,. 1975 Bern and Lederis, 1976
Chan, 1975 Fryer et al., 1978 Bern and Ni shioka, 1979
Hirano, 1979). Therefore,. the characteristics of this unique
neurosecretory system will be reviewed.
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In 1955, Enami first demonstrated the existence
of the caudal neurosecretory system in fish,, This system
is composed of modified neurons, which are called Dahigren
cells.' These secretory cells give rise to a tract of
secretion-bearing fibres terminating in a specific
neuroheamal organ!, which is the so called urophysis s The
neurosecretory cells are easily recognizable in histological
sections by their huge size, with polymorphic nuclei and
strong basophilic cytoplasm( Bern, 196).
Macroscopically r in most teleosts, the neuronal
processes protrude from the base of the spinal cord in the
area of the terminal vertebra, i.e. the urostyle( Fridberg
and Bern, 1968) The term urophysis -is used to describe
the neurohaemal area on the caudal spinal cord. Most
frequently the organ is a discrete structure overlying
the urostylar centrism.
It is found that the caudal neurosecretory system in
elasmobranchs is different from that observed in teleostsa
A discrete urophysis is absent in elasmobranchs( Fridberg,
1962 ). The secretion of the neurons.appears to discharge
into a capillary plexus along the ventromedial surface
of the spinal cord, rather than into a well-defined urophysis
as in the teleostss This condition in elasmobranch is
assumed to by w )re primitive than the teleost( Bern and
Takasui, 1962),
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The structure of the urophysis suggests a definite
endocrine function. Enami( 1956) proposed that there is
a hormonal principle in the urophysis that is directly or
indirectly related to sodium regulation, It has been
suggested that this hormonal principle may provide a means
for the'' fine adjustment' to minor changes in environmental
salinity. This 'fine adjustment may also be invclved
in the adaptation of euryhaline fishes to,the more drastic
change in their environment( Bern, 19 7). Suubse iuently,
extensive studies on urophysial extracts indicate that at
least five substances which may or may not be associated
with separate chemical entities, appear to be involved
( Bern and Lederis, 1976).
a.Urotensin I( UI)
The rat hypotensive activity of urophy sia L extract
was first observed by Kobayashi et al.( 1968) and now
this activity can be ascribed to a distinct chemical
encity, urotensin I. UI was isolated chromatographically
by Lederis and Zelnik( 1971), and shown late-r to be a
peptide in nature( Lederis et al., 1971 In fresh water
adapted eel, ill a ro a, uro tensin I was found to
be a weak pressor and diuretic agent, After injection of
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UI in the fresh water eel, urine flow as well as Ca++ and
Mg++ excretion are elevated, but glomerular filtration rate
(GFR) is unaffected( Chan, 1975).. In all mammali.a species
tested( rat, dog, sheep and monkey), UI lowers the
systemic blood pressure by direct vasodilation in skeletal.,
cutaneous and gastrointestinal regions in the rat( Medakoric
et al., 1975a, c, d), and by apparently highly specific
vasodilation in the mesenteric vascular bed of the dog
( MacCannell and Lederis, 1977 MacCannell et ale, 1977)
In birds, it was recently reported that UI elicited a
dose-dependent vasodepressor response in Co urns coturnix
aponica, Colinus °r inianus, Alectoris lraeca( Galliformes)
and Columba -i( Columbi forme s) (-Woo and Bern, 1978,
1979) However, the relevance of such pharmacological action
of UI on mammals and birds is still not clear, Recently,
Mtaramatsu and tern( 1979a, b) reported that UI from
(atostomus urophysis produced a dose-dependent relaxation-
in the isolated dorsal aortic strips from a bird, the chu?kar,
Alectoris er aeca. Moreover, the relaxation following UI was
not inhibited by propranolol or atropine, which markedly
reduced the relaxation-induced by isopr terenol or acetyl-
choline, respen:tivelym Furthermore they deraoncrrated that
the spagmo genic action of UI and arginine vaso to cin is
different. Therefore it is .suggested that UI-induced aortic
relaxation is not mediated through adrerargic cholinorgic
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raeceptors, and that it is unlikely that UI and arginine verso--
tocin act by similar mechanisms,
b. Urotensin II( UII)
The eel pressor( Bern et al., 1967), as well as
trout bladder contracting activity( Lederis et al., 1970a, b
was shown to be-due-to another peptide, UII( Zelnik and
Ledoris, 1973). This principle appears to stimulate all
piscine smooth muscles( Chan and Bern, 976 nreover3
UII is about ton times more potent than UI as a pressor
agent in the eel. It is strongly diuretic, increase inulin
cleance, stimulate the caudal lymph heart and elevates caudal
vein pressure( Chan, 1975). It is well known that the
pressor effect of Ull is due to its contractile effect
on vascular smooth muscle. But another pos'3ibility of
i iduc•tion of secondary Y)ress or principle by UII ha.a
iecently been demonstrated by Oide( 1979), He found
that after the administration of carp urop'Iysial extract
to the eel, there appeared to be a vasopressor substance
present in the kidney perfusate o: the animal. Thus 9 it is
suggested that some modification of UII v::ay occur in the
kidney, or UlI may induce a secondary pressor principle
in the kidney,
On the other hand, little information has been
reported concerning the effect of (111 in mammals or in
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isolated mammalian systems or tissues, Woo and Bern( 1978,
1979) have first demonstrated the existence of hypertensive
effect of UII in birds. However, the relative effectiveness
of UII as a pressor agent in phasianid birds varies: Colinus
apparently is more sensitive than Cotur.Ilixe Following
this report, it has been subsequently shown that Ull can
cause contraction in isolated rabbit aortic strips and
suggested that Ulf may act directly' on the blood vessels
causing contraction in mammals( Muramatbtet als:1979).
On the other hand, Muramatsu, and Kobayashi( 1979)
has reported that the isolated. dorsal aorta strips from
the chukar, A Alecteris graeca was relaxed by UII obtained
from Catastomu s urophysis, Since such contracting response
to UI.l is not-affected by cholinergic and adrenegic
blocking agents, it is su geste d that UII acts directly
on the vascular' smooth muscles of the chukar, whse
causes such variation of UII effects is still riot clear,
it may be attributed to phylogenetic.al differences in
the regulation of cardiovascular activities( Woo and
Bern, 1979), and/ or different vascular beds respond
differently to UII( Muramatsu and Bern, 1979a,b)
Muramatsu and Kobayashi, 1979).
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5. U nsin III( IJIII)
The existence of UIII as a distinct chemical entit3
is not subs substantiated but its existence is de fi nitely
inferred from many physiological experiments ( Bern and
Lederis, 1978) The observationnM
aetz et a1. (1964)
that administration of urophysiai extracts to Garassius
auratus stimulated Na+ fluxes, resulting in net influx
across the gills, and an apparent destruction of thes
activity by mild- acid treatment, suggested that there may
be a separate sodium movement influencing factor in the
urophysis0 Lna li and Imai (1956) suggested that the
urophysis may provide a mechanism to increase and maintain
Na+ content in fish in fresh water and a mechanism to
decrease Na+ in fish in sea water. However ,Imai et al
C 1956) failed to show any differences in serum sodium
in urophysectomized and sham operated TilaDia iiiossambica
or Fundulus heteroclitus. On the contrary,it has recantly
bcen show,that urophysectomy of Catostomus comrnei soni
led to reduced plasma Na+ level, but urinary excretion of
Na+ was unaffected ( Gill and Le derv s, in Bern and Lederis,
1978), pointing to the-existence of UIII,
Furthermore, Fryer et al.( 1978) showed that there
was a significant increase in plasma sodium, magnesium
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and chloride levels in ,ca water acclimated Gilichthys
:nirabilis after injection of G.illichthy urophysial
homogenateo These results strongly support the occurrence
of the hypothetical U1110 However, the tdentity of the
substance in question is .io t yet known.
d. Urotensin IV( UIV)
Hydrosmo.tic effects of urophysial extracts and of
partially purified U II hav.: been observca in fishes and
aniphibians0 Bern et al.( 1967) showed a long lasting
(exceeding 24 hours) water retention in toads after, a
single injection of caudal spinal cord or urophysial
extracts. On the basis of these findings Lacanilao{ 1969,
1972a, b) investigated the hydro rnotic activity from the
urophysis of G• hth.Ts on the isolated bladders of Bufo
marinus and concluded that this activity was indictinguishe9
able chemically and pharmacologically fro, rginii e vasotocin ,
This principle vias then ascribed as urotensin 1V However,
arginine vasotocin conly be found in the urophysis of
Gillichthys mirabilis, Salmo ksirduoril and Chanos chanos
(Lacanilao and Becn, 1972),but not in that of
Catostomus commerson( Moore et al.,1975;Gill et al,.
1977)It is well known that.arginine vasotocin can affect
the permeability of the urinary bladder( Bentley, 1976;
Turner and Bagnari, 1976). Therefore UIV can affect the
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o Brio tic balance of the fish possibly by the modification
of the urinary electrolyte contents,.
e. Ace ,ylcholzne_ Ach)
Recently, Ichikawa( 1978) demonstrated that there
were large quantities of Ach present in the carp urophysis
Its amount varied from 1 to 2 nmol/urophysis® Moreover,
it was found that the urophysis has. the highest concentration
of Ach among the neurvous tissues examined so far( Kobayashi
ot al., '1963, 1970 Ichikawa, 1978). Furthermore, the
concentration of Ach in the urophysis is higher than that of
any other tissues or organs( MacIntush, 1941 Feldberg,
1945 Deffenu et al., 1967), including the electric organ
of the ray( Whi_ tta er eta., 1972 Interestingly, the
concentration of Ach in fresh water fish, u ophys_es is much
higher. than in i,he urophyses of sea water fishes(. Ichi-
,awa, 1978) e However, to date, the physiological role of Ach
in the urophysis is still not yet known.
2. UroprAysis and Fish Osmoregualtion
Al thOU-h the function of the caadal neurosecretory
system and urophysis is* no t certain at the ere sent tine, an
osmoregul.ation role is the one most often suggested by
investigators and is supported by at least some of the
experimental data( Bern and Nishioka, 1979).
) .
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Yagi and Bern( 1965) showed that changes in Na+
concentration alter the spontaneous firing rate of caudal
neurosecretory cells in Tilapia mossambica, Furthermore
Marshall and Bern( 1979) reported that urotensin II can
inhibit by 30% the short-circuit, current across the isolated
skin of a marine teleost, Gillichthys mirabilis, suggesting
UII may act directly on ion-transporting cells involved
in teleostean hypoosmoregulation, Recently, Chevalier
( 1976, 1978) observed. th t the urophysi al cells possessed
reduced pattern Of protein synthetic activity in fresh water
adapted fish when compared with those adapted to sea.water,
Moreover, as described previously, urophysectomy could affect
the osmotic balance of teleosts( see p. 29) O These
evidence strongly suggests the urophysis may participate
in osmotic and tl^YIic regulation in teleosts,
Recently, Bern and Nishioka( 1979) have reviewed
such role of the caudal neurosecretory syst,:m and indicated
that a contribute .on to osmoregulation may prove to be
more than hypothetical and that at least one of the uro tensinE
( UlI), in addition to the arginine vasotocin like peptide
present in the urc dhysis of some species, can be shown to have
direct effects on transport processes in teleosts. The
following table( Table 1)( modified from Bern and Nishioka,
1979) summarizes the data from the literature pertinent to
the concept of n participation of the caudal neurosecretory
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system in water and/ or ion balance in fishes.
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Table 1
Reports concerning the Osmoregulatory Effects of the
Caudal Neurosecretory System( modified from Bern and
Nishioka, 1979
Author and Date Effects
1. Enami et al., 1956 Sodium regulation factor in
urophysis
2A Enami, 1956 Fridberg Histological. changes in caudal
et al,, 1966a system by osmotic maiji
pulations.
3. Takasugi and Bern, 1962 Urophysectomy increase
mortality of goldfish in
hypertonic NaCl.
4. Bennett and Fox, 1962 The firing rate of caudal
Yagi and Been, 1963 neurosecretory neurons is
1965 altered by the change of Na+
concentrations in the medium.




Urophysial extracts stimulate6. Maetz 1964
Na+ fluxes, as well as increase
urine flow and tubular Na+
reabsorption in goldfish,
suggesting the presence of
Urotensin III
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7. Bern et al., 1967 Urophysial extracts increase-
water retention in toads and
cause renal natriurhsis in eel.
Lacanilao, 1969, Urophysial extracts increase
1972a, b
water transport across the toad
bladder, suggesting urotensin
IV may be arginine raso to cin
9 Lederis, 1969, Urophysial extracts cause
1970a, b. contractioi,s of trout urinary
bladder.
10, Hirano et al., 1967 Urophysectomy has no effect on
transport of water or NaCl
by isolated eel intestine.
urophysectomy decreases K+,Chester Jones et al.,
1969 Ca++ and Mg++ excretion in eel..
12. Ireland, 1969 Urophysectomy increases
mortality of stickleback.
13. Gill and Lederis in Urophysectomy decrease serum
Bern and Lederis, 1978 Na+ in sucker,
14. Lacanilao and Bern, Presence of urophysial
arginine vasotocine like1972
activity in some teleosts,_
Absence of urophysial arginine15. Gill et al, 1977




16. Berlind et al., 1972 Reduction in urotensin binding
proteins( urophysins ),and
arginine vasotocine like
factor from urophysis after
freshwater transfer,





18. Ichikawa and Kobayashi,
Urotensin I is antid.ure tic in
1973 Medakovic et al. mammals.
1975b Ichikawa, 1980
19. Chan, .1975
Uro ten sin I is weakly diuretic
in teleosts.
20, Chan, 1975 Hirano, Urotensin sI is strongly
1979
diuretic in eleost as
Ala Chevalier, 1976, Changes in proteia synthetic
1978
activity in caudal neurosecretoryy
cells, correlated i7dth salinity
transfer of trout.
22. Fryer et al., 1978 Injection of urophysial material
elevates plasma Na and Mg
levels in Gillichthys
23. Oide, 1979
Induction of a secondary pressor
principle in the eel kidney by
UII of carp.
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CHAPTER III EFFECTS OF SALINITY ACCT IIAT ON ON
THE OXYGEN CONSUMPTION RATE AND
BODY COMPOSITION IN THE SNAKEH.EAD
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Gnapter III
Effects of Salinity Acclimation on the Oxygen




Studies on the pattern o. adaptation o f fish to
environments of variable salinities can reveal a
considerable- amount of information about the nature of the
regulatory processes involved.' Parry( 1966) has extensively
reviewed the literature on osmotic adaptation in eury-hal.ne
fishes. However, the fresh via-ter stenohali ne telecsts have
received only little attention. The studies of Ahokas and
(1975b),Vislie and FugelliDuerr(1975b),
1975b),Vislie and Fugelli (1975), Ahokas and
Sorg( 1977), Marshall(1977), Schmidt-Nielsen(1977)
I3eswick( 1978), Hirano at al,.( 1976), Assom and Hanke
( 1979a, b), Baru n( 19'('9), Eddy and Bath( 1979)
and Morisavera et al,.( 1979) have provided evidence for
both intra- and.extra-cellular processes of osmoregulation
in response to fluctuating salinities. The efficient
ue chonisms for osmoregulation operating in teleosts involve
osmomineral regulation, hormonal changes and metabolic
adjustments( for -detail. refer to Chapter II Pp: 5-- 36)
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Invest? nations on the hormonal mechanisms involved
in teleost osmoregulattion indicate that prolactin and
cortisol are the primary hormones involved, and they seem to
act antagonist-J.cally in regulating water and electrolyte
balance with prolactin having a more important action in
fresh water and cortisol in sea water( Ball, 1969 Chester
Jones, 1969 Bentley, 1971, 1976 Evans, 1978). It is
found that the plasma cortisol level increases when the fish
i adapted to any different external salinity. The e f fec t
is most pronounced when the fish is transferred from fresh
water to a. medium of higher salinity( Assem et al.) 19781
Hanson and Fleming, 1979) Furthermo rethortisoi induces
rise in gill Na-K ATPase activity of the fresh water eel,
Anguiila rostrata( Epstein et ale, 1971), suggesting
this hormone is an important mediator of salt wa to
adaptation
Very few studies were undertaken concerti ng the
energetic aspects of osri oregulation apta. from measurement
of oxygen consumption( Nordlie and. Le ffier,1975, Bath
and Eddy, 1979b) s However, the effect of salinity on
oxygen consumption is variable and fogr different patterns
of response have recently been described( Nordilo, 1978)
The patterns are:
1, The rate of oxygen consu ption is no significantly
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altered over a wide environmental salinity range
( Nordlie, 1978 ).
2, The rate of oxygen consumption is minimal at an ambient
salinity that is isomotic with the flood. Oxygen
consumption rates inc2ease at lower and higher salinities.
The magnitudes of the metabolic increases at salinities
other than the' isosnao tic level are functions of the
osmotic gradient bet:.*een internal and external
concent'ratiGns,( Nord*die and Leffler, 1975 Hettler,
1976).
3. The oxygen consumption is minimal at the optimal salinity
for the form and is at other than the iso smotic level,
Again rates of oxygen consumption increase as functions
of the osmotic gradient in more and less saline waters
( Courtois 1976).
4. Oxygen consumption rites are maximal at the optimal
salinity for the form and rates of oxyE en conE ump_tion
are- depressca at salinities lower and higher than the
optimal level.( Job, 1969a, b).
The above investigations are based on the response
of euryhaline to eosts and the existence of such different
response is unclear. Furthermore, the metabolic response
to salinity changes in stenohaline teleosts has seldomly
been reported., The present study attempts to show the
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rye tabolic pattern of a stenohaline teleost, the snakehead,
in response to different salinities.
Moreover, aspects of carbohydrate metabolism in
teleosts have been studied, It is found that when fishes
are adapted to different salinities, the blood glucose
levels decrease in lower salinities and increase in higher
salinities( Bashamohideen and Parvatheswararas, 1972;
Muller, 1974; Muller et al., 1974; Hirano et al., 1978;
MoriSawa et al., 1979)
Furthermore, Ahokas and Sorg( 1977) observed in
Fundulus dianhanus that intracellular free amino acids
maintain the tonicity of the cells when the environmental
salinity is increased, An increase in the total amount of
ninhydrin positive substances was also demonstra.ted in the
eel muscle after adap-t3tion to sea water( Huggins and
Colley, 1971). A correlation between external salinity and
amino acid level in the muscles can also be shown in many
teleosts( Lasserre and Gilles, 1971; Colley et al., 1974 ).
take part in the salinity adaptation process. In other
words, during salinity adaptation, changes in intermediary
metabolism probably occur( for detail, refer to Chapter II,
pp: 5- 36)
These observations demonstrate that several organic compounds
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Regulation of intermediary metabolism in fish is
also mediated by various hormones, such as insulin, glucagon,
prolactin, growth hormone and cortisol( for detail, see
Bentley, 1971, 1976 Turner and Bagnaro, 1976), although
this aspect has not been 1_nvestigated as thoroughly as in
mammals. It has been described earlier( Chap ter II,
pp: 5 -36) that hormones such as cortisol plays an
important role in the regulation of fish osmoregulation.
Recently it has been reported that cortisol significantly
elevates blood glucose( Chan and Woo, 1978a Lidman e't al,,,
1979), serum -amino acid levels and ammonia and K+
excretion rates( Chan and Woo, 1978a )e Moreover, cortisol
also has a stimulating action on the breakdown of
triglycerides and on the 'metabolism of fatty acids in the
cel (Dave et al., 1979 ). These reports show that cortisol
affects ionic homeosta si_c as well* as the intermediary
metabolism in teleosts. These effects are manifested as a
stabilizing action on osmoregulation and a hypokalemic
trend( Lidman et al., 1979), together with stimulated
gluconeogenesis and lipolysis( Chan and Woo, 1978a).
Therefore, the present eperiments will present data to
relate metabolic and hormonal changes withosmoregulatory
pattern in the snakeheade
-  <f 3 -
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The snakehead fish, ophiociphalus maculatus Lacepede 
is a large ( up to 2.5 kg ) member of the family 
Ophiocephalidae and is indigenous of South-East Asia* The 
0phiocephalidae has received a great deal of attention with 
respect to its aquacultural potential due to its high 
nutritive value, marked ability to withstand hypoxia and 
high growth rate ( Chow et al.f 1962; Du, 1962; Hu and 
Chen, 1964 ). Its possible medicinal use has been recognized 
for a long time in China ( Ng et al., 1977 )• It is 
carnivorous and inhabits ponds and rivers. Interestingly, 
it can also be found near river estuaries ( Hupeh Hydrobiol, 
Inst., Fish Div., 1976 ) so that it can probably tolerate 
a certain-range of salinity change. However, little 
information is available on the osmoregulatory response 
of this fish in the face of environmental salinity stress.
In view of the lack of understanding of the basic physiology 
of this species, the present experiments are designed to 
provide information on the osmoregulatory characteristics 
of Ophiocephalus maculates in different salinities.
In the present study, snakeheads were exposed 
to higher salinities than usual,and measurements were then 
made on several metabolic parameters, gill Na-K-ATPase 
activity and plasma cortisol levels. The pattern of
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salinity adaptation in Oniocephalus rnaculatu can then
be identified,
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B. Materials and Methods
1 a Identification of the Species
In order to ensure that the snakehuad used in the
experiments was actually the species Ophiocephalus, maculatus,
the fish was identified using X-ray photography( see
Plate 1 )s The number of fin spines of the fish were
counted:-




It is known that different species of snakeheads have
different number of fin spines, count of the number of
spines in addition to the general morphology of the fish
contributes to the ideiiti fic a Lion work. The number of fin
spines counted in the pre sent study corresponds with those
reported by Ng and k.am( 1977) for. the species
Ophiocephalus maculatus Lacep ide, The. same species of fish
was used in all the experiments presented in this thesis,
2. Maintenance of the Snakehead in the Labor_ atory
Snakeheadt were purchased from a local ruarket and
transported to the laboratory without anaesthetic.The
body weights of the animals were in the range of 100-140g.
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Plate 1 X-Ray photograph of the snakehead OnnioceDhalus
maculatus Lacepede.
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because it is well known that the body-size of the fish can
affect the metabolic rate greatly( Schmidt Nielsen, 1975
Hattingh, 1975 Hoar, 1976 Chan and Woo, 1978b Wilson,
1979). Therefore snakeheads of similar size were chosen in
order to eliminate such br,dy size effect. All snakeheads were
adapted to fresh water at 22-26°C without food for at least
two weeks before further -reatments0 25%( 230 mOsm/ kg
33%( 320 mOsm/ kg) and LfO%( 380 mOsm/ kg) sea
water prepared b T appropriate dilution of sea water which
was pumped from Tolo Harbour. At least two weeks were allowed
for the snakeheads to fully adapt to the respective
salinities.
5. Measurement of 0xygen Consumption
The me ttabo Lic rates of snakeheads were measured by
oxygen uptake in closed chambers,* Polyethylene cotftainers
( O.8 1) with removable lids served as the respiratory
chambers. During the whole study, snakeheads were kept in
water of the same sal pity. and temperature as that in which
they were acclimated. Before measurement, snakeheads were
allowed to acclimate to the confinement of the respirometer
overnight to abolish the stress effect. During measurement,
water kept in rapid circulation inside the respirometer using
a varistalitic pump( Manostatic, Advance Model The
decline in p0 2 0' the water was continuously monitored
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using a Gilson oxygraph stem coupled io an oxygen electrode
( Yellow Stone Instruments),
4. Body Composition Analysis
a.arzpling Technique
One day after the measurement of the oxygen
consumption, snakeheads were sacrified and weighed quickly.
The tail was cut and-.the blood was collected from the exposed
caudal vein ab quickly as possible. Heparinized
microhematocrit tubes were used to collect blood for the
determination of hematocrit and obtaining plasma. After
centrifugation, plasma was separated from the packed
blood cells and then frozen for later determinations of
plasma osmolari ty and other Components.
The whole liver was removed and weighed to determine
the hepato-somatic index( HSI, wet weight,of the liver
divided by the body weight of the, fish Muscle tissue
samples were taken frow the left side below the dorsal fin
of each fish. About 100 mg of liver and 500 mg of muscle
were cut out for glycogen determinations.
ba Gill Na-K-ATPase Activity_Measurements
The gills and the associated ventral aorta were
exposed and wps perfused with a solution of 0.3 M sucrose,
1 mM EDTA and 0.1% sodium deoxycholate at pH 7.4. Then, the
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first gill arches were removed and blotted with tissues to
remove-extraneous water and blood. Gill filaments were
quickly dissected from the arches and weighed,) Excised
filaments were homogenized with the above solution. 0.1 ml
of homogenate was mixed with 0.9 ml of incubation medium
consisting of 100 mM NaCl, 20 mM KC1, 5 mM MgCl2·6H20,
5 inM Na2ATP and 40 mM Tris-HC1 buffer at pH 7.0. The
reaction was allowed to run for 15 minutes after the
addition of homegenate. The reaction vas stopped by
addition of 2.0 ml of 10% trichloroacetic acid. Tissue
controls and reagent control for the enzyme assay were
carried out. Tissue controls contained the same amount
of gill homogenate and the incubation medium but without
the addition of Na2ATP. The reagent control had the
same amount of medium and Na2ATP, but had water replacing
the gill homogenate After the incubation period. 2 ml
of 10% trichloroacetic acid was added to the controls,
Inorganic phosphate liberated from ATP was determined
colorimetrically by the method of Fiske and Subbarrow( 1925)
The activity of gill Na-K-ATPase was expressed as umole
phosphate liberated mg protein-1 h-1 ( u mole/mg protein/h)
Protein concentration of the gill homogenate was determined
by the method of Hartree ( 1972).
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ba Plea Composition Analysis
i) Plasma osmolality expressed in m Osm/ kg, was measure
point depression in a Knauer Osmome eer.
20 Jal plasma samples were deprotenized by the addition
of equal amounts of O.3 N ZnSO 407H20 and 0,3 N Ba(OH)2
and were centrifuged to obtain clear supernatant,
The glucose. concentration in the supernatant was
determined by a semi-micro method using a coupled
reaction involving glucose oxidase and peroxidase
( Sigma no, 510-6).
iii) .Plasma protein concentrations were determined by the
modified Lourry et al., method( 1951) of Hartree
( 1972). Plasma samples were diluted 10 folds.
25 l of the diluted plasma was mixed with 1 ml of
distilled. water, and the reagent soiutiOrs were
added subsequently. Finally, the optical denbity
was read at 650 nm in a Spectronic-20 spectrophotometer.
iv) 50 1 plasma samples were deproteinized by the
addition of equal amounts of 0.3 N ZnSO4. 7H20 and
0.3 N Ba(OH)2. lear supernatant was obtained by
centrifugation. The plasma total free amino acids
in the: h1r rnatant was determined by a modification
in 5 l plasma samples by determining the freezing
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of the ninhydrin method of Matthews et al.,( 1964)
The optical densitas read at 570 nm.
V) Total plasma lipids were estimated by the sulphospho-
vanillin reaction as described by Woodman and Price
(1972 The absorbance was read exactly at 10 minutes
after the addition of the colour reagent( containing
6 g anhydrous KH2PO4 and 0.3 g vanillin in 100 nil H20)
at 530 nm. Known amoants of Ophiocaphalus maculatus
plasma lipids was used as standards.
vi) Plasma C1- concentrations were estimated by a modification
of the method of Tietz ( 1973 ). 25u1 of plasma
was mixed with 1 ml distilled water, 25 ul 0.72 N
H2SO4 and 25 ul 10% sodium tungstate. After centri-
fugation, 100 ul of clear supernatant was added to
0.1 ml diphenylcarbazone and titrated with 0.01 N
mercuric nitrate ( faint blue-violet color at end
point).
vii) The plasma Na+, K+, Mg++, Ca++ concentrations were
determined by atomic absorption (. Shandon Southern
A3600,) with appropriate dilution, Lanthanum chloride
( final concentration 0.5%) was added to the sample
for Ca++ and Mg++ measurements.
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viii) Plasma cortisol was -determined by a modification
of the competitive protein binding method of Murphy
(1967) Cortisol 125I RIA kit( New England
Nuclear•) was used.
C. Liver Muscle and Gill Composition Analysis
i) Muscle and gill tissues were weighed and dried at 100°C
for 48 hours, After cooling in desiccator, the samples
were rewe-L.5hed to det3rmine the percentage of water
by weight difference. The tissues were immersed in
petroleum ether to remove the lipids. After. 3 days
of extraction, the samples were dried and reweighed0
Tissues fat contents were calculated by weight
differences and expressed as % dry weight(% DW)
ii) About 100 mg of liver and 500 mg of muscle samples
were digested by boiling in 30% KOH solutionE, and
the glycogen was precipitated with 95% allcohol
according to the procedure described by Good ct al.
( 1933)• The glycogen was determined by use of
a-nthrone reagent as outlined in Carroll et al.,( 1956).
iii) Protein contents in the liver, muscle and gill
homogenates were determined by the method of Hartree
( 1972) as described previously.
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Data are presentied as Means+ Standard Error of
the Mean( M+ S.E.M, )v Statistical analysis of the results
were carried out using Student t test( Dixon and Massey, 1969 )
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C. Results
Snakeheads were allowed 2 weeks to fully adapt to
to their respectivo salirities, They survived indefinitely
in FW9 25% SW, 33% SW and 40% SW, bu 1- survival in 50%
SW averaged only 4 days.
1 Oxygen Consumption Rate
The effect of long term salinity adaptation on the
oxygen consumption rate wa.s presented in Fig. 1. There
was a significant increase in oxygen consumption rate in
33%% SW( 1.13 + 0.13 nil/ kg/ min) when compared with the
rates in FW( 0.73 +0.5ml/ kg/ min)( P <0, 01) and
in 40%( 0.78± 0.09 ml/ kg/ min)( P<O.O5) While
no significant difference could be-observed among the rates
of the FW, 25% Spa( 0.93± 0.12 ml/ kg/ min) and 40% SW
adapted snakeheads, the increased rate of oxygen consumption
in 33% SW respresented a 54.9% increase over the rate in
FWl, and 44.8% increase over the rate in 40% SW.
2. Effect of Salina y on Bod Coition
The body 'omposi±ion of the sna-kehead after 2 weeks









14 12 12 16
FW 25% 33% 40%
SW SW SW
Fig. 1 Effect of salinity acclimation on the oxygen
consumption rate of snakeheade Vertical lines
represent standard errors of the means.
p < 0.01 when compared with fresh water
controls
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a. Plasma Con osi ion
1.)
Plasma Na+ concentration increased from 101.83+ 3063 mm
in snakeheads adapted to FW to 195.31+ 7.19 mM in
those adaited to 40% SW( P< 0.001) representing a
92% increase. This increase was consistent and
it was directly proportional to increasing external
salinity( Fig. 2)
II
The behaviour of plasma Cl-, Mg++ and protein concentrations
as well as plasma osmolality qualitatively re k-embled
that of plasma Na+( Fig. 2, 3, 4) These para:Meters
increased in fishes which had been'adapted to higher
salinities.
iii)
Moreover, a similar trend towards increasing plasma
free amino acids concentration at higher salinities
was observed( Fig.3), The dif erances were
nevertheless not statistically significant. because
of the large inherant variation.
iv) On the other hand, plasma K+, Ca++ , lipid concentrations
as well as herratocrit did not show any difference in
fish adapted to different salinitics( Fig. 2, 3. 4),
v) A significant decrease in plasma cortisol level was
found in fish adapted to 33% SW( 33.00 + 5.3 g%)
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Fig. 2 Effect of salinity acclimation on plasma electrolyte
levels in the snakeheads.
p < 0.05
p < 0.001
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Fig.3 Effect of salinity ac limation on plasma metabolite
levels in the snakeheads.
p<0.01
p<0.01
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Fig, 4 Effect of salinity acclimation on the hernatocrit
value and plasma osmolality in the snakeheads,
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Effect of salinity acclimation on plasma cortisolFig. 5
level in the snakeheads,




Decrease in water content of muscle tissue was found
at elevated salinities ( Fig. 6). The amount of
water in mascle decreased from 77.34 ± 0.30% in Fw
to 75.13 ± 0.41% in 25% SW ( P<0.001), to 75.07
± 0.30 % in 33 % SW ( P<0.001), and finally to
56 ± 0, 39 % in 40 % SW ( P<0.001). These results
indicate that as external salinity increased, greater
amounts of water were lost from the muscle tissue-
ii) On the other hand, an opposite trend was observed in the
case of muscle protein contents. ( Fig. 6) This
parameter showed a trend of increase with increasing
salinities, but only the value for 40 % SW adapted
graph was statistically different from that of the
other groups ( P<0.001 ).
iii) Moreover Muscle lipid also showed a trend of increase
with increasing salinities, but not in 40% SW.
On the other hand, muscle glycogen did not show any
significant difference ( Fig. 6 ).
c. Liver Composition
i) A trend towards decreased liver glycogen storago was
found when the ambient concentrations were higher
than 25 % SW ( Fig. 7). It decreased from
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Fig0 6 Effect of salinity acclimation on muscle water,
pl ote+n, glycogen and lipid levels in the
snakeheads,
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ig, 7 Effects of salinity acclimation on'lives glycogen











66.13 ± 5.20 mg / g in FW to 49.70 ± 2.39 mg / g in
33 % SW( P<0.001) and finally to 41.18 ± 3.46 mg / g
in 40 % SW( P<0.001), It represants a 24.8%
decrease in 33% SW, and 37.7% in 40 % SW when compared
with that in FW.
ii) HSI also decreased significantly in association with
the change in liver glycogen storage. The trend of
change in HSI closely resembldd that of liver glycogen
storage. It decreased from 1.31 ± 0.04 in FW to
1.03 ± 0.02 in 40 % SW ( P<0.001).
d. Gill Composition
i) Salinity adaptation had no effect on the gill protein
concentration ( Fig. 8). However a trend towards
decreasing water content was observed with increasing
salinities. The amount of water in gill tissue
decreased from 65.34 ± 1.34 % in FW to 60.94 ± 0.74 %
in 40 % SW ( P<0.05 ). It indicates that water was
lost from the gill tissue while the ambient salinity
was increased.
ii) On the other hand, a gradual increase in gill Na-K-
ATPase activity was found when the fish was kept
in higher salinities ( Fig. 9 ). It increased
















Fig. 8 Effects of saliulity acclimation or. gill water, protein
and lipid levels in the snakehheads
* p< 0.05,
* p< 0.01








in FW to 12.39± 1.37 rdole Pi/ mg protein/ h in
40% SW( P<0.001). This increase was highly
Significant, and rcpregonted a 126.9% increase in
40% SW when compared with that fowad in FW
iii) Moreover, gill lipids also increased in association
with the increase in gill Na--K-ATl ase( Fig, 8)
The trend of increaSe in gill lipids follcwing the
change in external sa-I.inities was obvious. It
increased from 17.20± O.95% dry wigh.t in FIN to
23.59+ 1.79% dry weight in 40% SW( P<0.01),
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Fig, 9 Effect o'f salinity cicclimation on gill Na--K-ATPase
activity in the, snakeheads.
# p( 0®02
p<0.001
c f. fresh. water controls
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C. Discussion
1. Oxy .,en Consumption Rate
The maintenance of an internal osmotic composition
that is different from that of the external environment
requires either a totally impermeable boundary between
the internal and external fluid or an expenditure of
energy sufficient to counteract the diffusion forces that
e.ist across the interfaces As a living organism is a
dynamic system that requires constant exchange of materials
with the external medium, a totally impermeable covcring
is not acceptable 3 Therefore, if the body fluids of an
organism have total-.. osmotic concentration that is different
from the external medium, the organism must -.,pond ei,.ergy to
maintain these differences. Therefore, the oxygen
consumption rate of fish kept in higher salinity is found
to be increased( Hickman, 1959 Rao, 1968 Farmer and
Beamish, 1969 Nordlie and Leffler, 1975). On the other
hand, some workers claimed hat when the ambient concentration
is isotonic to the fish, the osmoregulatory work 6f the
fish is reduced. This will stimulate tho fish and the
animal becomes more active,, Therefore ,hen the fish i
kept in the isotonic environment, the oxygen consumption
rate is greater than those kept in lower or higher ambient
salinities,( Job, 1959,.1969a, b) a This seems to be the
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case observed in the snakehead( Fig. 1). It was found
that when the snakehead was kept in 33% SW, which was
isotonic to the plasma, the oxygen consumption rate is
significantly higher than those found in higher and lower
Salinities. However, there are several reports eraphasing
that oxygen consumption rate is lowest in fish.adapted
to isotonic salinity, possibly due to a reduced osmoregulatory
load( Rao, 1968, 1971; Farmer and Beamish, 1969).
Therefore, it is difficult to generalize the salinity effect
on oxygen consumption in fishes.
2.Playa Electrolytes
Although no significant alteration was found in
the plasma K+ and Ca++ concentrations in snakeheads adapted
to different salinities, Na+, Cl' and Mg++ concentrations
as well as osraolality were elevated at higher ,salinities,
and the extent of elevation was correlated with the external
salinity( Figs 2 4).These results demonstrate that
ophiocephalus maculatus is a stenohaline osmoconformer, which
does not have the physiological ability to maintain osmotic
constancy. Most of. the plasma parameters i.e. Na+, Cl- and
Mg++ concentraions as well as the osmolaiitty, conform with
the external environmental changes. The increase in plasma
ion levels may be probably due to an increased influx
frog the ambient medium,' but such an influx of ions does
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not influence the hematocrit values( Fig. 4.) o she constancy.
-of hematocrit Values indicate that the relative plasma
volume is not affected by the environmental salinities,
Normally, fresh water teleosts must maintain a
constant amount of water in the body even though there is
a continuous osmotic inflow of water( Parry, 1966 When
the osmotic concentration of the external medium is higher
than that found in the fish, the original osmoregui.tor y
processes are no longer applicable to the maintenance of
homeostasis. It was rreported that in the channel catfish,
I c talur u s pun c -ca is( Norton and Davis, 1977) and' the
grass carp, Cep'%aryn godon idel_ta( Maceina and Shirernan,
1979), plasma osmoi lity did not change and could _function.
independently of salinity until the external medium became
hypertonic to the plasma concentration, riowever, this
seems not to be the case in the snakehead. Osmotic stress
occurs even when the fish in kept in 25% SW( 233 m0sm / kg),
which is still hypotonic to the plasma of the snakehead.
There fore, it seems that the snakehead is very sensitive to
the environmento 1 salinity change and its total o smo
regulatory mechanisms are not efficient. This leads to an
accumulation of the plasma electrolytes, i.e, the influx is
much greater than the outflux, Therefore a directly
proportional increase in plasma osmolall fy, Na+, Cl and
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Mg++ levels is observed and all parameters are greater than
the corresponding levels in the external meriao Apparently
such increase probably disturbs. the internal environment
of the fish( Oguri and Ooshima, 1977; Oikari, 1978)
and eventually leads to death when the fish is transferred
to the medium higher than 40% SW, a level wnich approaches
the upper limit of salinity tolerance.
3. Gill Na-K-ATPase Activit
The increace in this enzyme activity in snakeheads
adapted to higher salinities( Fig.9), seems to indicate
that a form of biochemical adaptation takes place in the
gill, a phenomenon which is also observed in many other
veleosis( Epstein et al., 1967; Utida et al., 1971
Jozuka, 1976; Towle, et al., 1977; Hossler et al., 1979).
4. Plasma Cortisol
The exact mechanism by which environmental changes
stimulate Na-K-ATPase activity is riot' fully understood, but
there is evidence for hormonal involvement. Cortisol creates
a rise in the gill Na-K-ATPase activity( see Chapter II,
PP: 5 -36). Moreover, cortisol also affects the inter-
mediary metabolism in teleosts( Chaii and Woo, 1978a;
Dave et al., 1979 Lidman et al., 1979). It increases
blood glucose, and serum -amino acid concentrations, as
well as the breakdown of triglycerides. Such effects of
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cortisol are believed to* be related to sea water adaptations
in the teieost-( see Chapter 7Z, pp: 5- 36) o In the
present study, plasma cortisol level was found to be lower
in the 33% SW( approximately isotonic to the plasma)
than other salinities( Rig. 5), she osmotic work of a
fish at the isotonic medium is probably reduced, and the
requirement for cortisolI is the least,, 'Where fore, a
significant decrease in plasma cortisol level is observed,,
The result is consistent with those found by Hirano( 1969)
and Ball et al., ('1971) e They showed that cortisol levels
were the same in fishes adapted to fresh water and to
sea water. It is suggested that cortisol is necessary for
continued osmoregulation in all the salinities except 33% SW
However, there is no correlation between the plasma
cortisol level and the gill Na-K-ATPasc activity( Fig. 9),
so that there is no evidence to show that the activity of
this enzyme is regulated by cortisol in this species. In
order to solve this problem., further experimBents can be
carried out to investigate the relationship between the
gill NacK-ATP: se activity And exogeneous cortisol. a
Furthermore, it is found that prolactiii produces a reduction
of Na-K-ATPase n the gills( Pickford et al., 1970a
Gallis et al. 1979a). It is therefore suggested that
other factors such as prolactin is also involved in
regulating gill Na-K-ATPase activity.
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5.Muscle Composition
The present data.( Fig. 6) further.indicate that
snakeheads cannot osmoregulate in an saline medium. It is.
observed that i ,en the ambient salinity is increased, greater
amounts of water were lost from the muscle tissue. Moreover,
the result of dehydration leads to an increase in muscle
protein content. On the other hand, muscle glycogen content
is not affected„ This may be due to the fact that the amount
of glycogen present in the muscle (6.09 + 0.64 mg/ g Ww)
is far less than protein level( 130 mg/ g WW). Therefore,
it is less affected by the muscle dehydration, or the change
is nevertheless not detectable. Furthermo:L.e, total. muscle
lipids increase when the fish is adapted to 25% SW and 33%
SW but not in 40% SW. I t can be explained that when the
snakehead is kept at. 25% SW and 33% SW, lipolysis is
reduced or lipogenesis is elevated. However, the significance
of such change is unclear and no evidence can be found to
support this suggestion,
6. Gill Composition
The gill water content also shows a gradual decline
in association with the increase in the Anbient salinity
Fig.8). This decline in water content is probably
due to dehydration of the gill tissue. On the other hand,
there is a significant increase in total gill lipid content
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when the fish is adapted to higher salinities. It can be
suggested that in response to increase in ambient salinity,
there may be an increase in gill phospholipid cori.te.nt,
because it has been reported that a higher level of
phospholipids was found in gills and other.osmoregulatory
organs of the sea water adapted European eel( Meister et'al.
1974 Hansen, 1975, 1979 Zwingelstein et al., 1975).
7. Intermediary Metabolism
In the present result( Fig, 3), there is no
significant change in plasma glucose, lipid and free amino
acid levels. Blood glucose has been suggested to have an
osmoregulatory role in many teleosts( Umriinger, 1970a, b, c;
Bergstrom, 1971 Assern and Hanke, 1979a Hyperglycaemia
has often been found in teleosts adapt so sea water
( Muller, 1974 Muller et al., 1974 As em and Hanke, 1979a
On the contrary, hypoglycemia has also been reported in
many other teleosts( Poluhowich and Parks, 1972 Farghaly
et al., 1973 Woo, 1976). Moreover, free amino acids also
take part in esmoregulation of teleosts( Huggius and Colley.,
1971 Lasserre and Gilles, 1971 Colley et al,, 1974
Venkatachari, 1974 Ahokas and Duerr, 1975a Epple and
Kocis, 1980 ), but contradictory results have also been
reported( Cwgwey et ale, 1962 Parv athes wjrararao 1967
Ahokas and Duerr, 1975a). The change. in blood motabolites
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during adaptation to different salinities can have several
explanation:
i)
The change in such parameters is a reflection of
modified metabolism.
ii)
The change in such parameters is the result of the
change in blood water content without any change
in the absolute amount of the molecules.
iii)
The osmotic pressure exerted by the organic molecules
is necessary for the adjustment of the internal milieu
to higher salinity.
However, in the present study, there was no significant
change in plasma glucose, lipid and free amino acid levels
Fig. 3). I indicates that these organic compounds do not
play any role in he osmoregulatory processes in the
snakehead. On the other hand, there is a significant increase
in plasma protein concentration, suggestinf that this
organic molecuie contributes to the osmoregulation in
this species. Furthermore, since there is a concomitant
decrease in HSI and liver glycogen level( Fig. 7)
indicating that deplec bion of glycogen storage as well as
a degradation of other cell materials have occurred( Phillips
et al., 1960; Kott, 1971). The cellular materials degraded
possibly contributes to the elevated plasma protein level,
76
( Love, 1970 Woo and Cheung, 1980) which is suggested to
play an important role in teleost osmoregulation( Poluhowick
and Parks, 1972) a The increased plasma proteins in sea
water adapted snak.ehe d would tend to increase the oncotic
pressure of the plasma, a process which would serve to hold
a larger volume of water in the blood so as to compensate
for the dehydration in a hyperosmotic environment.
In conclusion, the present study outlined the general
csmoregulatory pattern of the snakehead. The caudal
neurosecretory system is believed to be involved in the
osmoregulation. How this endocrine system affects the osmotic
balance is the aim of the further chapters in this thesis.
Therefore, the present study can serve as a guideline
for subsequent urophysial studies.
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CHAPTER IV EFFECTS OF UROPHYSECTOMY ON PLASMA
ELECTROLYTE AND METABOLITE LEVELS
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Chapter IV Effects of Urophysectomy on the Snakehead
A. Introductiolr
One of the classical method used in the study of
endocrine systems, is the measurement of the physiological
deficiencies induced by surgical removal of the endocrine
gland concerned,, This method often provides valuable
information, The most famous aous experiment in this aspect
is the hypophyse ctomy experiment of Pickford and Phillips
(1959). which formed the basis for subsequent
wluccidation and prolactin as a fresh water survival horrlmoneo
There is ample evidence to implicate a role of the
ui-ophysis in telecast osmoregulation( Berlind, 1973;
Lederis et al,, 1974 Chan, 1975 Chan and Bern, 1976
Chevalier, 1976, 1978 Bern and. Lederis, 1978: Fryer et al.,
1978 Bern and Nishioka, 1979 Marshal i and Bern, 1979),
The exposure cf several euryhalino teleo s is to different
salinities results. in rr,rked histological, ultrastr ctural
and protein synthetic .,activity changes in the urophysial cells
( Fridberg et al, 1964 Bern and Takasugi, 1962 Bern
et al., 1965 Cnevalier, 1976, 1978) s Furthermore
Bennett and Fox( 1962) and Yagi and Bern( 1965)
found that the frequency of action potentials in caudal
neurons can be altered by infusion of salines with
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different Na. concentrations' These findings suggest a
role of the urophysial cells in hydromineral'balance
e
Surgical removal of the caudal neurosecretory system,
i.e. urophysectoniy, has been accomplished many t isles, with
results that are far from conclusive with regard to a role
in osmoregulation( Berlind 1973)
Early experiments with Tilapia indicate that serum
levels of chloride are elcvated in animals kept in 1.7%
ItaCl solution after urophysectoiny( Takasugi and Bern, 1962 )
and that operated animals show higher mortality in this
medium. However, in TilaDia and Fundulu s uro h sectomiurophysectomized
and sham-operated arimals ohowed no difference in the
ability to handle a salt load or in serum Na+ levels
( Imai et al., 1965)® Moreover,- uro physe c torny alone
produces no significaiA change in the transport of water
or NaCl by isolated eel intestine( Hi.rlano et ale, 1967)
Ci the other hand, it is found that urophysectom'r increases
mortality of stickleback.( Ireland, 1969 This treatment
can also decrease K' , Ca++ and Mg excretion in eel
( Chester Jones et al, 1969), and decreases plasma or
serum Na concentrations in sucker( Gill and Lederis in
Bern and Lederis, 1978) and goldfish( Turtle in Chan
and Bern, 1976) There fore it is apruant that
urophysectorny can upset the osmotic balance of the fish.
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However, recently, Fryer et al (1978) reported that
no differences in plasma sodium, potassium calcium
magnesium and hematocrit could be observed between
urophysectomizod and sham operated Gillichthys mirafilis.
It is suggested that urophysectorny fails to produce
consistent effect on osmotic and ionic regulation in
teleosts.
All these findings demonstrate that the effect of
urophysectomy on fishes is still unclear and cannot be
generalized, In view of such contradictory results, the
present experiment attempts to investig te the effects
of urophysectorny on the snakehead, Ophiocephalus mculatusm
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B. Materials-and Methods
1. The Derimental Animal
Snakeheads(Ophiocephalus maculatus) weighing
60 - 100.g were obtained from a local supplier. They were
acclimated to fresh water(2 mOsm/ kg) or 40% sea
water(380 mOsm/ kg) at 22-- 26°0 without food for a
period of at least two weeks prior to experimentation.
2.Urophysectomy
Prior to surgery, the snakeheads were anaethet±zed
by.immersion ill a MS-222( tricaine me thanesul fonate, Sandoz)
solution. It was observed histologically that the caudal
neurosecretory system of the snakehead extends over the last
four or five vertebrae. In order to exroe the whole
neurosecretory system. an incision of about 1.5cm was made
through the skin and muscle layers( see Plate 2 and),
the last six caudal vertebral centres as well as their
neural arches were removed. Spinal cord from the six
terminal vertebrae. including the urophysis were removed
with fine forceps. Following extirpation of the spinal
cord. the skin P.iid muscle layers were sutured with surgical
silk. Sham-operation was performed in the same manner
except that the spinal cord and the urophysis was left
intact All these fish were tranerrd to thoir original
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Plate 2 Urophysectomy procedure, An incision of about
1.5 cm was made through the skin and muscle
layers. The incision was kept open by a.
pair of retractors
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media which they had been acclimated. The following 4
batches of fish were prepared:
(a) FW- urophysectomy( FWUX),
(b) FW- Sham( FWSH),
(c) 40% SW- urophysectomy( SWUX) and
(d) 40% SW- Sham( SWSH).
3. Measurement of OxygenConsumption Rate
Oxygen consumpticn rates of the fish were measured
.
as described in Chapter III pp:47-48, and this
measurement was divided into 2 parts.
a. A time course experiment was carried out in the fresh
water adapted snakeheads. Oxygen consumption rates of
the fish were measured at days 7, 18, 25, 35 after
the surgery, They vvere replaced back to their original
aquaria after the measurement had been made. Similar
measurements were made on sham-operated controls,
b. In other batches of fish, including urophysectornized
and sham-operated animals in different salinities,
oxygen consumption rates were measured at the eighth
day after surgery. After the measurement had been made,
they were transferred back to their original media.
4. Regeneration of the Urophysis
Because of the possible rapid regeneration of the
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caudal neurosecretory system( Fridberg et al., 1966b
Tsuneki and Kcbayashi, 1979), urophysectomized snakeheads
were investigated histologically at certain time intervals
to see whether the secretory elefients have regenerated
or not.
5. Bodes Composition Analysis
Nine days after tIe operation i e one day after
tie measurement of oxygen consumption rate, all the
naKeheads were sacrificed. The compo sitions of plasma,
liver, muscle and gill were determined as the methods
outlined in Chapter III pp: 48 - 52.
Data are presented as Means± Standard Error of
the Mean( M ± S.E.M.). Statistical analysis of the
results were carried out using Student t test( Dixon
and Massey, 1969), and comparison were made between
the urophysectomized and sham-operated groups.
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C. Results
It was found that the urophysectomized snakehead
required at least 80 days for the regcneration of the
caudal neurosecretory system. Therefore, the results
obtained in subsequent experiments could be ascribed to
.the extirpation ,of the urophysis.
h Oxygen Consumption R ate
The effec' of ulrophysectomy on oxygen consumption
iate of the. snakehead 1.s presented in Fig. 10 and 11. Since
these were the results of two separate sets of experiments,
( two different of fish these data. cannot be pooled
together. However, both groups of results did not show
any significcart. diffeConce in oxygen consumption rate
of the urophysectomi.zGd fish when compared to the sham-
operated groups.
2. Plasma Compositionmposition
The effects of urophysectomy on plasma composition
nine days after the operation, is presented in Fig. 12,
13 and 14, It was found that urophysectomy caused a
significant increase in plasma glucose in both FW and
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Fig. 10 Time course of changes in oxygen consumption
rate after urophysectomy in fresh water adapted
snakeheads. Vertical lines represent standard
errors of the means.
SHAM = sham-operated animals
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Fig. 11 Changes in oxygen consumption rate 8 days after
urophysectomy in the snakeheads,,'
FW= Fresh water




group( Fig, 12). In the FW adapted snakeheads, plasma
glucose level increased from 56.38+ 6.35 mg/ 100 ml in the
SH group to 80.29+ 1.44 mg/ 100 ml in the UX group,
representing a 42.4% increase( P< 0,01) o In the
4-0% SW adapted snakehead, similar result was also
observed,, Blood, glucose rose from 70.67+ 7,33 mg/ 100 ml
in the SH group to 102072 mg/ 1300 ml in the UX group,
representing a 45.4% increaee(p< 0.01)
Furthermore, urophysectomy produced a decrease
in both plasma Na+ and 1 concentrations in FW adapted
snakeheads, but not in 40% SW adapted fish.( Fig, 13)
It was found that plasma Na+ concentration decreased
f om 133.40+ 5.93 mM in the FWSH group to 109.63+
496 mM in the FNUX group, representing a 17.8% decrease
(p < 0.01). Similarly, plasma Cl' concentration
decreased from 119.50+ 3.33 mM in the FWSH group to
101,00± 4.74 mM in the FTWIJX group, representing a
15.5% decrease( Fig. 13).
However, urophysectomy did slot produce any effects
on other plasma parameters, such ac rsmolality, hematocrit,
as well as protein, lipid, FAA, cortisol, K+,Mg++ and






































Fig. 12 Changes in plasma chemistry 9 days after urophysectomy
in the snakehezds.
Clear bars = Fly sham-operation
= Hatched bars = FW uro physectomy
Circled bars = 40% SW shan-operation
Cross-hatched bars = 40% SW urophysectomy
















Figs. 13 Changes in plasma electrolytes 9 days ter
urophysectorry. in the snakeheads
Clear bars FW sham-operation
Hatehed bars FW urophysectomy
Circled bars 40% SW shani-operation
Cross-hatched bars 40% MV urophysectomy


















Change in plasma cortisol level 9 days after uro-Wig, 14
physectomy in the snakeheads
FW Fresh water





3. Live Muscle and Gill Composition
The effects of urophysectomy on muscle, liver
and gill composition nine days after he operation, are
presented in Figs. 15-18. It was found that urophysectorny
caused a significant decrease.in liver glycogen storage
in both FW-( P<0,001) and 40% SW-adapted fish
( P<0.01) in comparison with their respective sham-
controls( Fig. 15). However, urophysectomy had no
effects on muscle water, lipid, glycogen and protein
levels as well as gill Na-K-ATPase activity, water,









Fig. 15 Changes in liver blycogen storage 9 days after
urophysectomy in the snakeheads.
FN Fresh water
SlIv 40% sea water
SH Sham-operation
Ux Urophysectomy






















Fig. 16 Changes-in muscle composition 9 days after
urophysectomy in the snakeheads.
Clear bars FW sham-operation
Hatched bars FW urcphysectomy
Circled bars 40% SW sham-operation
















Fig. 17 Changes in girl composition 9 days after
urophysectomy in the snakeheads.
Clear bars F71 share-operation
Hatched bars FW urophysectomy
Circled bars 40% SWV sham-operation
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Fig. 18 Changes. in gill Na.K--ATPase activity 9 days







Since it was found that the caudal neurosecretor y
system of the snakehead could not regencrate within 36
days i. e. throughout the entire experimental period, the
observed effects could be ascribed primarily to urophy-
sectomy.
Little information is available concerning the
relationship between the caudal neuro se crc tort' system
and the oxidative metabolism of fish. The present result
( Figs 10 and 11) clearly indicate chat urophysector y
has no effect on the oxygen consumption vate of the
snake head.
On the other hand, urophysectomy produced an
increase in plasma glucose level(Fig. 12) and a
concomitant decrease in liver glycogen storage in both
FW- and 40% SW-adapt,ed snakeheads o These increase in
plasma glucose-concentrations cannot be due to hemo-
concentration because K+, Mg++, Ca++, lipid, FAA, and
protein levels as well. as. hematocrit and osmolality
remain unchanged throughout the experiniont.. The
decrease in liver glycogen is probably due to active
glycogenolysis, which contributes to the elevation of
the plasma glucose level.( Love, 1975 Lehninger, 1975).
These results indicate that the caudal neurosecretory
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system plays a role in the regulation of the intermediary
metabolism and such effect has not been hitherto reported.
It is therefore suggested that there is possibly a potential
hypoglycemic principle present in the caudal neurosecretory
system. This principle may directly or indirectly lower
the blood glucose by stimulating liver glycogen formation
or by other mechanisms as well. Therefore, normal blood
glucose level is maintained, Howrev'er,. if this hypoglycemic
principle is absent as in the urophysectomized srakehead,
the blood glucose regulatory mechanism of the animal is
disturbed, and an elevation of plasma glucose concentration
results.
Furthermore, the present experiments also provide
another piece of evidence to support : n osmoregulatory
role of the caudal neurosecretory system. Urcphysectomy
in fresh water '.adapted snakehead resulted in decline of
plasma Na+ and Cl- concentrations. As explained
previously, the plasma water content has not changed, so
that these decrease in plasma Na+ and Cl- levels cannot
be due to hpmodilution. Therefore,it seems that there
is another rr-Jnciple present in the cadal neuro secretort
system. This principle can act in such a way as to
cause retention of these ions. If this principle is
absent as in the urophysectomized sruhohead, plasma
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Na+ and Cl- will be decreased. This principle can be
the hypothetical urotensin III which was suggested by
Maetz et al.(1964), or these observations can be due
to the effects and the established urotensins( UI and
UII)( Bern et al., 1967; Chan, 1975 Fryer et al.,
1978 Bern and Nishioka, 1979).
Although gill Na-K-ATPase and cortisol both
participate in the teleost osmoregulation( for detail,
see Chapter II pp: 5 - 36), urophysectomy produces no
change. in these parameters( Fig. 14 and 18), sugcsting
that they are not regulated by the caudal neurotiecretory
system.
Furthermore, it has been reported that urophy.
sectomy could increase the mortality of several teleosts
( Takasugi and Bern, 1962 Ireland, 1969). On the
contrary, in the present study, urophysectomy had no
change on the mortality of the snakehead,. and the
urophysectomized fish could survive indefinitely in
both FW and 40% SW. This observation implies that
the caudal neurosecretory system only plays a minor
role, in fish osmoregulation, or implies a fine osmotic
adjustment as suggested by Bern(1969).
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101
Chapter V tffect of Urophysial Extracts on Plasma
Electrolyte and Metabolite levels
A. Introduction
In the previous experiment, urophysectomy leads
to significant changes in plasma electrolyte and
metabolite levels, indicating that the caudal neurosecretor
system plays an important role in osmoregulation in the
snakehead. Another approach in the study of the caudal
neurosecretory system other than urophysectomy is by the
administration of puriftiod urotensins or crude urophysial
extracts.
Maetz et al,(1964) reported that there was an
increase in net influx of Na+ across goldfish gills as
well as: an increase in urine flow rate and tubular Na+
reabsorption in resj..-nse to urophysial extract injection.
Fryer et al.( 1978) also reported that in sea water
acclimated Gillichthys mirabilis 2 aid 4 hours after
receiving an intraperitoneal injection of Gllichthys
urophysial homogenate, plasma Na+, Mg++ and Cl levels
were significantly higher than those observed following
a saline injections Recently, Marshall and Bern( 1979)
have shown that the urophysial peptide, urotensin II can
inhibit the short-circuit current across the isolated
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skin of Gillichthys mirabilis, suggesting a direct
involvement of the urophysis in teleostean ion transport.
However, despite the documentation of effects,. the mechanism
of action of the urophyc-ial principles remains, poorly
understood.
Two lines of evidence now seem to indicate that
the urophysial principles may interact with other endocrine
mechanisms, one may be prolactin, the other one may be
prostaglandins.
In Cillichth.y, it was found that the increase in
plasma Na+ concentration following urophysial_extr act
administration was abolished after hypophysectomy,
suggesting a uI ophysis-hypophysis interaction, and the
hormone involved may be prolactin( Fryer et al.,
unpublished observation, in Bern and Nishiola, 1979).
Recently, ergot alkaloids have been reported to be a
prolactin release inhibitor in several vertebrates
(Leatherland, 1976 'Fliickiger, 1978 Fluckiger and
Del Pozo, 1978). These drugs have been considered
useful tools in the elucidation of the role of prolactin
in fishes, especially in those species in which
hypophysectomy is difficult to perform, as in the case
of Ophiocephalus mac ulatus. In fresh water, trout,
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Salmo gairdneri, erogocryptine, an ergot alkaloid, lowers
plasma Na+ and Ca++, supporting the prolactin inhibiting
effect of the drug in teleost( Brewer and Mckeown, 1978).
Moreover, the urotensin I induced relaxation of
rat tail artery is potentiated both by indomethocin or
acetylsalicylate, which are prostaglandin synthetase
inhibitors( Gerritsen and Lederis, 1976; Bern and
Lederis, 1978). This observation indicates the
existence of an antagonistic interaction between
protaglandins and urotensin I. Furthermore, it has
been suggested that protaglandins also participate
in the regulation of osmoregulation in fishes. Pic
( 1975) reportcd that the branchial Na+ and Gl- outfiux
in Mugil cap to adapted to sea water were inhibited by
prostaglandins. Recently, by experime Us invo2.ving
inhibition of prostaglandin synthesis in Fundulus
grandis, it is concluded.that some of the effects of
prolactin with regard to teleostean osmoregulation are
mediated by stimulation of prostaglandins synthesis
( Horseman end Meier, 1978).
In view of these findings, the present experiments
attempt to investigate whether the osmoregulatory effects




B. Materials and Methods
1. The Txnerimen tal Animal
Snakeheads( Ophiocephalus masulatus) weighing
60- 100 g were obtained from a local supplier. They were
acclimated to fresh water( 2 mOsm/kg) or 40/ sea water
( 380 mOsm/kg) at 22- 26°C without food for a period
of at least 2 weeks prior to experimentation.
2. U rophysiai Extracts
Acetone-dried urophyses of Gillichthys mirabilis
were kindly provided by Prof.H. A. Bern. Urophyses of
Ophiocephalus maculatus were collected and acetone-dried,
Extracts of Ophiocephalus and GiIlichthys urophyses were
prepared according to Bern and Lederis( 1969) s After
adjusting to neutral pH with Na2CO3 and dilutin with
0.9% NaCl, the urophysial extracts were adminislered
intraperitoneally( 2 urophyses/fish The same volume
of carrier solution served as controls.
3, Erg ome tine treatment
In some experiments, ergometrine, an ergot
alkaloid( Waldemar) at a dose of 3 mg/kg was administrated
intraperitoneally to the snakeheads daily for two days,
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The same volume of carrier solution served as controls.
Three hours after the last ergometrine injection,
urophysial extracts were administrated to the fish. All
the fish were' sampled 3 hours after urophysial extract
injection.
4. Aspirin Treatment
In some experiments, aspirin( acetylsalicylic
acid, Sigma) was added to the aquarium water( Tresh
water or 40% sea water) to a final concentration of
1 g/ 25 1. Fish were kept in the aspirin solution, for
24 hours before receiving urophysial extracts. Appropriate
saline-injected controls were provided. Q11 aspirin-
treated fish were sampled 3 hours after urophysial
extract injection.
5. ample Collection
Fish were. terminally bled from the caudal artery
without the use of anesthetics at 0, 1.5, 5 and 7.5 hours
after injection. In some experiments, samples were only
obtained from fish 3 hours following urophysial extract
injection. The tail was served and the blood was collected
in heparinized( ammonium) microhematocrit tubes( Dade
Capilets). After centrifugation, the hematocrit value
107
was recorded and the tube was cut to obtain plasma. All
plasma samples were kept frozen at -10°C until analyzed.
Liver and muscle( epaxial musculature) samples were
collected and similarly stored until analysis.
6. Bod Composition Analysis
The compositions of blood, muscle and liver
were determined as the method desu,:,ibed previously
( Chapter III pp: 48- 52). For muscle ele trolytes,
dried and de f fitted muscle samples were treated with a
mixture of 0.1N HNO3 and 10% acetic acid for several days
to extract tissue ions. Tissues sodium and chloride levels
were determined as previously described.
7. Statistical analysis
Ail data are presented as the Mean. Standard Error.
Statistical sign3_ ficance_ between the control and
experimental groups was assessed using the Student 't'
test( Dixon and Massey, 1969).
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C. Results
1. Fresh Water Animals
a. Effects of OphioceDhalus Urophysial Extract Injection
A significant elevation of plasma osrioiality
( p<0.01) was observed 5 hours after the injection
of urophysial extract (Fig. 19). This was accompanied
by a significant increase in* plasma Fa( p.<0.02) 'and
glucose( p <0.02) levels. Plasma Cl concentration
steadily rose after injection and reached statistical
significance( p <0.01) at 3-5 hours after injection,
The hematocrit value,-plasma K and protein concentrations
were not affected by urophysial extract treatment during
any time interval. Muscle water, Na+ and C1r concentrations
were also analysed at the time when plasma features showed
maximal response( 3 hours)( Fig. 20). No change in
muscle values could.be detected following either saline
or urophysial extract injection(Fig, 20).
D, iilects or uillichthys Urophysial J`xtract injection
As with Ophiocephalus urophysial material,
Gillichthys urophyses similarly elitited significant
increase in plasma osmolality( p < 0.01) and
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Fig. 19
Time course of changes in plasma chemistry afteR
a single injection of oohioceohalus urophysial
extract( 2 urophyses/fish) in fresh water-
adapted snakeheads.





























changes in muscle water, sodium and chloride
concentrations' 3 h after receiving urophysial
extract in freshwater-adapted snakeheads.
Clear bars saline-injected controls
Hatched bars urophysial extract injection
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( P < 0.01) levels( Fig. 21). The peak of response was
about 3-5 hours after injection. No difference in hematocrit,
plasma K+ and protein could be discerned at any time interval.
Urophysial extract alsc had no effect on muscle water, Na+
and Cl- concentrations 3 hours after injection( Fig. 20).
Since the peak of response was again found to be
around 3 hours after injection, all subsequent samples
were taken 3 hours following injection of Gillichthy
urophysial extract,
C. Effects of Aspirin Treatment and Urophysial Extract
Injection in Asnirin Treated Fish
Immersion of snakeiaeads in fresh water containing
aspirin( 1g/251) for 24 hours significantly lowered
plasma osmotic pressure( p < 0.02)(Vig.22). This
decrease in plasma os,liolality was accompanied by concomitant
reduction in plasma Na+( p < 0.05) and Cl-( p 0.02)
concentrations.
Prior treatment of fish in an aspirin solution
abolished the hyernatremic and hype rcrloremic efeet of
urophysial extraet. However, the hyperglycemia effect of
urophysial extract was unaffected by such treatment























































Fig 21 Time course changes in plasma chemistry after a
single injection of Gillichthys urophysial extract(
2 urophyses/fish) in fresh water-adapted snakeheadso
C1ear tars =saline-injected controls
Hatched bars = urophysial extract injections
cf saline-injected controls
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Fig. 22 Changes in plasma chemistry and muscle water 3 h
following Gillichthys urophysial extract injection
in aspirin-treated fresh water sn.ikeheads.
Clear bars untreated controls
Stippled bars saline-injected controls
Circled bars aspirin treatment
Hatched bars urophysial extract injection
in aspirin-treated fish
p < 0.05
* * p < 0.02







d. Effects of Ergometrine and Urophysial Extract Injection
Ergometrine injection significantly decreased plasma
Cl concentration ( p < 0.001) in fresh water adapted
snakeheads ( Fig. 23). However subsequent injection of
urophysial extract in ergometrine treated fish elevates
plasma Na ( p < 0.05) and Cl concentrations ( p < 0.001).
On the contrary, ergometrine and urophysial extract
treatment produced a declize in plasma glucose level
( p < 0.05). Moreover, no difference in plasma protein
and divalent ion concentrations could be observed among the
3 groups ( Fig. 23).
2. 40% Sea Water-Adapted Animals
Ophiocephalus maculatus can survive indefinitely
in 40% sea water ( 380 mOsrn/kg). The lethal limit for its
survival is about 50% sea water ( 480 m0br/kg). When
Ophiocephalus was adapted to 40% sea water for 2 weeks, there
was a great influx of ions as evidenced by the markedly
higher plasma osmolality and Na , C1 and Mg levels when
compared with fresh water-adapted animals ( Fig. 19,21 and
24 ). There was also a slight decline in muscle water
( Fig. 19, 21, and 24) and in 40% sea water-adapted
animals( p < 0.001).
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Fig. 23
Changes in body composition 3 h following
Gillichthys urophysia extract injection
( 2 urophyses/fish) in ergometrine-treated
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Fig. 24 Changes in body. composition of 40% sea ,Yater-adapted
snakeheads 3 h following Gillichs urophysial
extract( 2 urophyses/fish) injection.
Clear bars saline-injecued controls
Hatched bars urophysial extract injection






a. Effects of Urophysial Extract Administration in 40%
Sea pater-Adapted Fish
As in tresh water-adapted animals, snakeheads
adapted to 40% sea water still responded to urophysil
extract injection by developing hyperglycemia ( p < 0001)
( Fig. 24). However, in complete contrast to the results
obtained from fresh water fish, injection of urophysial
extract in 40% sea water-adapted animals was followed.by
a marked reduction in plasma ion concentrations. Significant
lowering of plasma Na+( p < 0.001), Cl- ( p < 0.001)
and K+( p < 0.001) levels was evident 3 hours after
injection. However, divalent ions were not affected
( Fig. 24).
b. Effect Urophysial l Extract Injection in Aspirin-
Treated Fish.
When 40% sea water-adapted snakercads were pretreated
with aspirin, urophysial extract injection no longer
lowered plasma ion levels( Fig. 25). However, the
hyperglycemic effect of the urophysial extract was still
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Fig. 25 Changes in plasma chemistry and muscle vater 2 h
following Gillichthys urophysial extract injection
(adapted to 40% sea water),
Clear bars saline-injected controls




(2 urophvses/fish) in aspirin-treated snakeheads
D . Discussion
The present results strongly indicate that the
caudal neuroseci-etory system plays a role in the osmo-
regulation of the snakehead. Although many studies have
suggested that the caudal neurosetcretory system participates
in osmotic and ionic regulation, little information has
been published describing the effects of urophysial extracts
on plasma electrolyte concentrations'in teleosleosts( Fryer et
al., 1978). The present data show that there was a
Significant increase in plasma ..osmolality and plasma
Na: and Clo levels in fresh water adapted snakeheads after
the administration of Ophioce halus or Gillichth.s urophysial
extract( Fig. 19 and 21). Such elevation of plasma
T\T Na+ and Cl' levels is probably not due to hemoconcentration,
since plasma proi.ein, K+ and other divalent ion
concentrations, as well as hematocrit remain constant
throughout the experiment. Moreover, muscle war:r,
Na+ and C1 levels remained unchanged. Therefore it is
suggested that the urophysial extracts cause the re-'ention
but not the influx of these ions. On the other hand, the
elevation in plasma electrolyte concentrations following
urophysial extlact administration could no longer be
observed when the snakeheads were acclimated to 40%
sea water. On the contrary, a significant decrease
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in plasma Na+, Cl- and K+ concentration was observed.
However, these findings are in contrast to those of
Fryer et al.( 1978) in that urophysial extracts elevated.
plasma Na+, Cl and Mg++ concentrations in sea water
adapted Gillichthys mirabilis. Moreover, no change
could be observed when Gillichthys were adapted to 5% sea
water( Bern and Nishioka, 1979).
However, it is still unclear as to which organ(s) is/
are influenced by the urophysial principles to bring
about such changes. The gill seems to be a targot, since
it was reported that urophysial extract elicited an
increase in branchial Na+ influx in the fresh-, water
goldfish( Maetz et al., 1964 Moreover, divaienz ions
are not affected by urophysial extract administration in
both FWW and 40% SW adapted snakeheads. Urophysial
principles may possibly act on the gill, which is an
important site for monovalent ion exchange. Therefore,
the present findings provide another piece of evidence
for the existence of urotensin III. Furthermore, the
renal effect of urophysial. extracts in teleosts is well
documented( Maetz et al., 1964 Bern e al 1967
Chester Jones et al,, 1969 Chan, 1975 Hirano, 1979 see
also Chapter VI pp:128- 152). Therefore a change tubular
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reabsorption of electrolytes could lead to the observed
changes in plasma ion levels is not surprising.
Prolactin is considered to be an important
osmoregulatory hormone in most euryhaline teleosts( Bern,.
.1975). In such fish in fresh water, prolactin is actively
secreted and enhances ion conservation. It has been
reported that. hypophysectomy decrease plasma osmolality and,
rodium concentration in several fresh water-adapted teleosts
( Ball and Ensor, 1967 Ball, 1969 Dharmamba, 1970).
Ergometrine is an ergot alkaloid which can suppress
prolactin secretion( Fluchiger and Del Pozo, 1978).
a slightly decrease in plasma Cl concentrations( Fig. 23).
Therefore, this observation is consistent with the hypothesis
that prolactin is involved in teleost osmoregulation by
decreasing ion efflux(Johnson, 1973 Bern, 1975)
Although prolactin secretion is inhibited by ergometrine,
injection of urophysial extract causes an elevation in
plasma Na+ and Cl- concentrations, suggesting that such
electrolyte retention effect of urophysial extract is.
independent of prolactin.
Although there are strong and recurrent indications
of an osmoregulatory role of.the urophysis, a function of
The present data indicates ergometrine injection causes
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the urophysis in controlling intermediary metabolism has
not been described. The present experiments have provided
the first piece of evidence to support a metabolic role
for the urophysis. Plasma glucose level was significantly
elevated 3 hours after injection of urophysial extracts
( Fig. 19 and 21). This hyperglycemic effect of
uroaphysial extract injection was observed in both fresh
water and 40% sea water-adapted fish( Fig. 24). Liver
glycogen level, however, remained unaffected. On the other
hand, urophysial extract administration in the absence
of prolactin, produced a significant decrease in piacria
glucose concentration( Fig. 23), indicating the existence
of an urophysis-hypophysis relationship. Further studies
are required to determine whether one or more of the
defined urotensins( or some other principles)is responsible
for this marked metaboli% effect and to elucidate the
mechanism involves'..
Based on.the urophysectomy experiment( Chapter IV pp:
77- 99) and the present results, two hypothetical models
concerning the metabolic effect of uro-nhysial extract, can
be suggested:
1o There are two metabolic active principles present in the
caudal neurosecretory system or in the urophysial extract.,
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one is hypoglycemic and the other is hyperglycemic. Their
action resembles the pancreatic, insulin-glucagon antagonistic
reaction. Normally, the hypoglycemic principle is more
potent than the hyperglycemic one. By this mechanism, a
normal ,plasma glucose level is maintained. However
surgical removal of the caudal neurosecretory system
produce a profound disturbance of the dynamic equilibrium,
and a rise in plasma glucose results( Fig. 12). This
model requires the assumption that the hypoglycemic
principle can be acid labile, or the acetic acid extraction
procedure cannot extract it. On the other hand, the
hyperglycemic principle is acid stable and can be extracted
easily by acetic acid, Therefore, urophysial extract
administration in snakehead produces a hyperglycemic
effect instead of a hypoglycemic response. However this
model cannot explain vny there is a decrease in plasma
glucose following ergotmetrine and urophysial extract
administration. Therefore, another model is suggested.
2.It is suggested that only one hypoglycemic principle
is present in the caudal neurosecretorv system. This.
principle is acic. stable and can stimulate the adeno-
hypophysis to secrete prolactin, which in turn, increase
plasma glucose level( Fig. 26). The hyperglycemic
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Bagnara, 1976; Woo, 1976). In the normal state, plasma
glucose level is maintained by such factors. However, this
dynamic equilibrium is disturbed after the removal of the
caudal neurosecretory system. In the absence of the
urophysial hypoglycemic principle, prolactin although
appears in less amount, can still increase the plasma
glucose level. Therefore, a hyperglycemic effect is
observed in tho urophysectomized snakehead( Fig. 12).
moreover, injection of urophysial extracts into the intact
snakeheads causes a highly enchanted secretion of prolactin
and a hyperglycemic effect is observed( Fig. 19,21 and 24
On the other hand, after the injection of orgometrine, by
which prolactin is inhibited, the urophysial hypoglycemic
principle in the urophysial extract causes a decrease in
plasma glucose level( Fig.23)
It is well documented that acetylsalicylate( aspirin)
is a potent prostaglandin biosynthesis inhibitor( Smith
and Willis, 1971 Ferreira and Vane, 1974 Flower, 1974
Flower and Vane, 1974. Curtis-Prior, 1976 Dembinska-
Kiec et al., 1976). The present results are consistent
with those of Horseman and Meier( 1976) that aspirin
treatment in fish-caused.: a marked decrease in plasma
osmolality and plasma Na+ and Cl- concentrations. On
the other hand, it is found that PGE1 administration
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causes a significant increase in plasma Cl concentration
in Fundulus bra dis( Horseman and Meier, 1978). In
preliminary experiments, it was also observed that PGE1
injection in the snakehead was followed by hyperchloremia
( Woo, Chan and Tong, unpublished ). Therefore these
findings indicate that prostaglandins play a role in
osmoregulation in teleosts.
Furthermore, the present results show that aspirin
treatment abolished the urophysial extract induced hyper-
natremic and hyperchloremic effects, but the hyperglycemic
effect was unaffected by such treatment. On the other
hand, in 40% SW adapted snakeheads, urophysial extract
failed to elicite the hypernatremic and lyperchloremic
effects, nevertheless, the hyperglycemic effect still
existed. Therefore, the present results further suggest
that the action of the urophysial principles on osmo-
regulation and intermediary metabolism are different.
Whereas the osmoregulatory effects of the urophysial
principles may act via prostaglandin synthesis, the
metabolic effect is independent of pretaglandin
involvement.
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CHAPTER VI' EFFECTS OF UROPHYSIAL EXTRACT ON RENAL
FUNCTION IN THE SNAKEHEAD
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Chapter VI Eifects of Urophysial Extract on Renal Function
in the Snakehead
A. Introduction
As with the gill, the renal system is also
important in the osmoregulation of fishes. Two different
patterns of physiologic l adaptation are seen in teleosts
adapted to different environments. In fresh water
environment, the fish excretes excess water by forming
a copious and dilute urine which balance the osmotic
influx of water across the gills. On the other hand, in
the marine teleosts, excess divalent ions absorbed with
swallowed sea water are excreted with.minimal volume of
urine since must of thy water of the glomerular filtrate is
reabsorbed( Wilson, 1979). In the euryhaline fishes,
glomerular filtration rate( GFR ) is commonly decreased
in hypertonic and increased in hypotonic enviroments
( Holmes and McBean, 1963 Sharratt et al., 1964
Fleming and Stanley, 1965 Hofmann and Butler, 1979).
Renal reabsorption as well as GFR has a role in hydromineral
balance. In many fishes it may be the primary adaptive
mechanism. In fresh water fishes, very small amounts of
the glomerular filtrate may be reabsorbed, suggesting
130
that the renal tubule must be nearly impermeable to water
( Hickman and Trump, 1969).
Sevoral hormonal substance such a
s neurohypophysial
peptides, prolactin, cortisol and the active principle of
the Corpuscles of Stannins, are known to affect renal function
in teleosts( for detail, see Johnson, 1973; Bentley, 1976 ;
Bagnara, 1976).
Furthermore, the caudal neurosecretory system has
also been suggested to regulate the renal function of
fishes. Maetz et al.( 1964) reported that there is
an increase in urine flow and tubular Na+ reabsorption
in response to urophysial extract injection in goldfish
In the fresh-water eels, after injection of urophysial
extracts there is an increase in urine flow and Na+
excretion rate associaced with. an elevation of the blood
pressure( Bern et al., 1967; Chester Jones et al., 1969;
Hirano, 1979 On the c ther hand, teleost urophysial
extracts and also purified urotensin I. are found to be
potent antidiuretic agents in the rat( Medakovic et al.,
1975 a, b; Ichikawa, 1980). This may due to the
hypotensive effect of UI in mammals( see reviews by
Lederis et al., 1974; Chan and Bern, 1976; Lederis,
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1977; Bern and Lederis, 1978 Woo and Bern, 1979 ).
Furthermore, in fresh water eels, it has been reported that
urotensin I specifically stimulated Ca++ and Mg++ excretion,
whereas urotensin II increased inulin clearance and
urine flow with concomitant increase in blood pressure
( Chan, 1975 ). These results suggest that urotensin I
and II possibly act as separate hormones in the eel.
Urotensin I may act as divalent ion excretion principle
in sea water, while urotensin II may act as a diuretie
principle in fresh water.
The present study was designed to provide more
information on the renal effects of the urophysial extract
in the snakehead Ophiocephalus maculatus. Furthermore,
the suitability of the renal effects as bioassay methods
for the urophysial active principle is considered.
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B. Materials and Methods
1. The Experimental Animal
Snakeheads( 212hiociphalus raculatus) weighing
250 -350g were ohtained from a local supplier, They-were
maintained in a fresh water aquarium at 22-260°C without
food for a period of at least two weeks prior to
experimentation.
2, Surgical operation
In order to collect urine samples from the snakehead
and to inject the urophysial extract to the fish with
minimal handling, indwelling catheters were in the
uropore and the gonadal vein prior to the experiment.
ae Catheterization of the Urinary B1ar
The urinary bladder of the snakehead possesesa
short urethra and lies just above.the uropore( Fig.27A).
The bladder is relatively big and thick walled its
volume in a 33-g snakehead is about 5 ml© A polyethylene
catheter( 1.5 mm inner diameter) Was used to collect
the urine. To insert the catheter, snakeheads were
anesthetized in MS-222 solution( Sandoz). Because there
is no urinary papilla, a groove on the body wall around
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Fig. 27 Catheterization of the urinai,y bladder.
(A) Cl o ss section through the uropore region
(B) The urethra was lifted up using a pair of
forceps, and a groove on the body wall
around the uropore was made.
(C) A catheter was implanted into the urinary
bladder through the uropore, and tale
catheter was tied tightly.
A. anus AF, anal fin BW, body wall
C, catheter F, forceps S, surgical silk












the uropore was made for subsequent ligature of the
catheter ( Fig. 27B). A catheter filled with a urine
like solution ( containing 1 mM Na+, 2 mM Na+, 2 mM Cl-
0.7 mm Ca++ and 0.7 ml Mg++) was implanted into the
urinary bladder through the uropore, and the catheter
was tied with the body wall using surgical thread
( Fig. 27C and Plate 3). The advantage of this technique
is that the catheter is tightly bound to the musculature
of the fish and therefore will not be detached easily by
the movement of the animal
b. Catheterization of the Gonadal Vein
While the snakehead was still anesthetized, the
abdominal body wall of the animal was cut open and the
incision was kept opei by a pair of retractors ( Plate 4).
The gonadal vein was exposed by clearing away the fat
and the connective tissues. It was tied distally and
clamped proximally. A PE-50( Clay Adams) cannula tube
filled with heparinized isotonic saline( 0.9% NaCl)
was inserted through a puncture into the gonadal vein
and the tube was fastened in place. The gonadal vein was
unclamped. The body wall was sutured up with a silk
thread and the fish was returned to a black polyethylene
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Catheterization of the urinary bladder. A catheterPlate 3
was implanted into the urinary bladder through
the urobore anc anr. the catheter was tied tightly
onto the body wall using surgical thread.
137
Plate 4 Catheterizatior of the gonadal vein. The abdominal
body wall of the snake head was cut open and the
incision was kept open by a pair of retractors.
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chamber containing 6 litres of well aerated tap water.
The fish were allowed to.recover from catheterization at
least 24 hours before further experimentation.
c. Urophysial Extract Injection
After the snakehead has been acclimated to the
confinement in the chamber, urine was collected continuously
at certain time intervals. After. the .basal renal excretion
has been obtained, Gillichthys mirabilis urophysial extracts
( as prepared by the procedures described in Chapter V
page 105) at different doses( 100, 200, 300 and 500
ug/kg) as well as the vehicle were injected separately
into the fish through the catheter, in order to obtain
a series of dose-response curves.
d. Urine Analysis
Urino flow rate was determined by measuring the
volume of the urine excreted at certain time in'ervals.
Urinary osmolality, Na+, Cl-, K+, Ca++ and Mg++ levels
were determined using the methods described previously
( Chapter III page 51).
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C. Results
Injection of the vehicle had no effect on the urine
flow ratev However, injection of crude Gillichthys
urophysial extract elicited a marked dose-dependent increase
in UFR immediately after the injection( Fig. 28 and 35),
The effect lasted for about an hour. Similar dose-
dependent effect on urinary Na+ and Cl- concentrations
as well as the.excretory rates( Urine concentration X UFR)
of these electrolytes were observed( Fig. 30, 31, 36 and
37). Moreover, probably as a result of the elevation of
urinary Na+ and Cl- levels, a dose-dependent increase in
urinary osmolality was also observed immediately after
the injection(Fig. 29), On the other hand, no change
was observed in the urinary K+, Mg++ and Ca++ concentrations
(Fig. 32, 33 and 34). Although there was no change in
concentrations of such ions, the excretion rates for
these parardeters increased- markedly. as a result of a
dose-dependent increase in urine flow rate( Fig. 32, 33
and 34).
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Changes in urine flow rate (UFR) following intra-Fig. 28
venous injection of different doses of urophysial
extract in the fresh water-adapted snakeheads.
Different doses of urophysial extract were given
at the positions of the arrows.
UER
ml/kg/h






0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Time(h)
Fig. 29
Changes in urine osmolality following intravenous
injection of different doses of urophysial
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Fig. 30
Changes in urinary Na+ concentration and Wa+
excretion rate following intravenous injection
of different doses of urophysialextract
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Changes in urinary Cl' concentration and Cl-Fig. 31
excretion rate following intravenous injection
of diffdrent doses of urophysial extract in the
fresh water -adapted snakeheadso
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Changes in urinary K+ concentration and K+
Fig. 32
excretion rate following intravenous injection
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Fig. 33
Changes in urinary Mg++ concentration Mg++
excretion rate following intravenous injection
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Fig* 34
Changes in urinary Ca++ concentration and Ca++
excretion rate following intravenous injection
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Fig. 35 Log-aose response curve for the diuretic effect
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the present results clearly demonstrated that -the
urophysial.__ extracts had a profound influence o,i renal
function in the snakehead. It produced diuretic and
natriuretic responses in the animal. Although there
was no significant change in-urine concentrations of
K+, Ca}+ and Mg++, their
excretion rate increase'
probably as result of an increase in urine volume. It.
was found that urophysial extracts could produce the
diuretic and natriuretic effects with concomitant pressor
effect in the eels( Bern et al., 1967 Chester Jones
et al., 1969;extracts,1979).The diuretic efect of
the urophysial extracts appears to be diated principally
through an increase in glomerular filtration rate due to
an increase in blood pressure( Wright and Briggs, 1979).
Preliminary experiments also showed that snakeheads responded
to intravenous urophysial extract injection devedev loping
hypertension( Woo and Tong, unpublished )v Since
urophysial extracts or urotensin II cause contraction of
the urinary budder in fish( Lederis 1970a b the.
observed profound increase'in urine flow immediately
after the injection of the urophysial extracts( Fig. 28)
may be also be due to the discharge c z the urine by the
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contraction of the urinary bladder.
Furthermore, the subsequent increase in. urinary
Na+ concentr%`ions may reflect impaired glome ulo-
tubular balance the renal tubules failed to reabsorb
Na+ in proportion to the increase filtered Na+ load
( Hirano, 1979). The same case may occur with Cl-.
Furthermore, the urinary bladder was formerly thought
,to function solely as a storage organ, but recent work
with isolated bladders has shown that the urinary bladder
in many teleosts is capable of electrolyte and water
transportation( Johnson et al., 1972 Hirano et al., 1973
Howe and Gutknecht, 1978). It was found that the
urophysial_ extracts, and possibly arginine vasotocin increased
the water transport acrosss the toad bladder( Lacanilao,
1969 1972a, b). Therefore, the increase Iii urinary
Na+ and Cl- level may be also due to a modification of
the urinary content by the urophysi,al extract. Further-
more, it is suggested that urotensin II seems to be
responsible for enhancing urine flow and Na+ and Cl
excretion( Chan, 1975) The fact that the urophysial
extract failed to induce specific stimul.ation of renal
excretion of the divalent ions in the snakeheads may
indicate that the urotensin I activity of the fish was
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masked by the diuresis due to urotensin II( Hirano, 1979).
Furthermore, the measurement of UFR, urinary
osmolality, No+ and Cl- levels can-be accurately performed,
Therefore, the present study potentially provides a rapid
and sensitive method for the bioassay of urophysial
extracts or the urotensins. Moreover the responses
produced in the fish after the administration of the
urophysial principles seems "more physiological''
than using other animal system, such as birds( Woo
and Bern, 1978, 1979) or 'rats( Lederis and Medakovic,
1974 Ichikawa, 1980). However, this application may
not be realized until the effects of purified urotensins
on the renal functions of the snakehead has been worked
out.
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Chapter VII General Conclusion
The present results indicate that 0phi.ocenhalus
maculatus is a stenohaline osmoconformer. Its body
composition changes consistently whenei, Fr there is a
change in the salinity of the ambient environment( Fig. 2,
3, 4, 6, 7 and 8). Evidence for cortisol and gill Na-K-
ATPase involvement in osmoregulation is found in this
species( Fig. 5 and 9 ).
Although many studies have demonstrated that the
cauc1al neurosecretory system plays a role in osmoregulation,
little information has been published describing the effects
of urophysial extracts on plasma electrolyte concentrations
in teleosts( Fryer et al., 1978) The present experiments
clearly indicate that the caudal neurosecretory system
participates in the ionic regulation by elevating plasma
Na+ and Cl- concentrations( Fig. 13, 19 Rnd 21 However
the exact mechanism of this ionic'retention effect is still
not clear. Furthermore, since the urophysial hormones are
firstly transported to the kidney via the renal portal
vein immediately after they are secreted by the caudal
neurosecretory system, the kidney seems to be the primary
target of these hormones( Bern, 1969). After injection
of urophysial extract to the snakeheads, there was a dose
dependent incre.ise in urine flow rate, urine osmolality
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and Na+ and C1- levels (Fig.28.29.30.31.35.36 and 37)
These results provide another piece of evidence to support
a renal effect of the teleostean urophysis, and provide a
potential bioassay method for the uro physial active
principle.
Furthermore, the present experiments demonstrate
a metabolic effect of the caudal neuro sec re to ry system.
Plasma glucose 1eve_1 was significantly elevated after
injection of urophysial extracts( Fig. 19 and 21), as well
as after urophysectomy( Fig. 12.). On the contrary, a
decrease in plasma glucose concentration. was observed
after ergometrine and urophysial extract ac1.minist:•ation
( Fig. 23). It is suggested that-, such me tbbolic effects
of urophysial extract may involve the adenohypophysial
prolactin, indicating a urophysis-hypophysis interaction
(Fig. 26). However, urt'ler studies are required to
determine whether one or more of the defined urotensins
or some other principles iq responsible for this marked
metabolic effect and to elucidate the mechanism involved.
Furthermore, the present resuli6 show that aspirin
treatment abolished the urophysial extrac' induced
hyperriatremic and .hyperchloremic effects, but the hyper-
glycemic effect was unaffected by such treatment( Fig. 22).
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On the other hand, in 40/ SW adpated snakeheads, urophysiaa
extract failed to elicit the hypernatremic and hyperchioremic
responses, but the hyperglycemic effect still existed.
Therefore, the present results further suggest that the
action of the urophysial principles on osmoregulation
and intermediary metabolism are different. Whereas the
osmoregulatory effects of the urophysial principles may act
via prostaglandin synthesis, and the metabolic effect





Ahokas, R.A. and Duerr, F.G. (1975a). Tissue water and
intracellular osmoregulation in two apecies of
euryhaline teleosts, Culaea inconstans and Fundulus
diaphanus. Comp. Bio hem. Physiol. 52A: 449-454.
Ahokas, R.A. and Duerr, F.G. (1975b). Salinity tolerance
and extracellular osmoregulation in two species of
euryhaline teleosts, Culaea inconstans and Fundulus
diaphanus. Comp. Bioohem. Physiol. 52A: 415-448.
Ahcjkas, R.A:. and Sorg, G. (1977), The effect of salinity
and temperature on intracellular osmoregulation and
muscle free amino acids in Fundulus dia ranus. Comp.
Biochem. Physiol. 56A: 101-105.
Ando, M. (1975). Intestinal water transport and chloride
pump in relation to sea-water adaptation on the eel,
Anguilla japonica. Comp. Biochem. Physiol.
52A: 229-233.
Ando, M., Utida, S. and Nagahama, H. (1975). Active
transport of chloride in eel intestine with special
reference to sea water adaptation. Comp. Biochem.
Physiol. 51A: 27-32.
Assem, H. and Hanke, W. (1979a). Concentrations of
carbohydrates during osmotic adjustment of the
euryhaline teleost, Tilapia mossambica. Comp.
Biochem. Phyrsiol. 64A: 5-16.
159
As.)em, H. and Hanke, W. (1979b). Volume regulation of
muscle cells in the euryhaline teleost, Tilapia
mossambica. Comp. Biochem. Physiol. 64A: 17-23
A ssem, H., Maser, C., Paul, R., Schrock, H Wehe, E. and
Hanke, W. (1978)- Hormones and osmomineral regulation
in fish and amphibia. In: Comparative Endocrinology
(Ed. Gaillard, P. J. and Boer, H.H.). Elserier/
North--Holland, Amsterdam.
Ball, J. N. (19619). Prolactin (fish prolactin or paralactin)
and growth hormone. In: Fish Physiology. Vol. II.
(Ed. Hoar, W.S. and Randall, D.J.). Academic Press,
New York. pp: 207-240.
Ball, J.N., Chester Jones, I., Forster, M.E., Hargreaves,
G., Hawlcinc:, E.F. and Milne, K.P. (1971),
Measurement of plasma Cortisol levels in the eel
Anguilla anguilla in relation to osmotic adjustments.
J. Endocrinol. 5v:95-96.
Ball, J. N. and Exisor, D .M. (1967). Specific action1of
pro la ctin on plasma podium levels in.hypohysecto--
mized Poecilia 1_atipinna. Gen. Comp. Endoci'inol.
8: 432--440.
Barton, M. (1979). Serum osmoregulation in two species of
estuarine blennioid.fish, Anoplarchus purpurescens
and Pholis ornata. Comp. Biochem. Physiol.
64A: 305-307
160
Bashamohideen, M. and Parvatheswararao, V. (1972).
Adaptations to osmotic stress in the fresh water
euryhaline teleost Tilapia mossambica IV. Changes
in blood glucose, liver glycogen and muscle glycogen
levels. Mar. Biol. 16: 68-74
Bath, R.N. and Eddy, F.B. (1979a). Salt and water balance
in rainbow trout (Salmo gairdneri) rapidly
transferred from fresh water to sea water. J. Exp.
Biol. 83: 193-202.
Bc h, R.N. and Eddy, F.B. (1979b). Ionic and respiratory
regulation in rainbow trout during rapid transfer
to seawater. J. Comp. Physiol. 134: 351-35
Beamish, F.W.H., Strachan, P.D. and Thomas, E. (1978).
Osmotic and ionic performance of the .adromous
sea lamprey, Petromyzon marinus. Comp. Biochem.
Physiol. 60A: 435-443.
Bellamy, D. (1961). Movemnts of potassium, soaium and
chloride in incubated gills from the silver eel.
Comp. Biochem. Physiol. 3: 125-1350
Bellamy, D. and Chester Jones, I. (1961). Studies on
Myxxine lutinosa I The chemical composition of the
tissue. Comp. Biochem. Physiol. 3: 175-183.
Bennett, M.V.L. and Fox, S. (1962). Ele tsfophysiology
of caudal neurosecretory cells in the skate and
fluke. Gen. Comp. Endocrinol. 2: 77-96.
161
Bentley, P. J. (1971). Endocrine and Osmoregulaticn:
A comparative account of the regulation of water
and salt in vertebrates. Springer-Verlag, New York.
Bentley, P. J. (1976). Comparative vertebrate endocrinology.
Cambridge University Press, London.
Bergstrom, E. (1971). Influence of deionized water on
blood glucose and plasma sodium ion concentration
in young salmon (Salmo salar L.). Arch. Int.
Physiol. Biochem. 79: 785-792.
Berlind, H. (1973). Caudal neurosecretory system:.
A physiologist's view. Amer. Zool. 13: 759-770.
Berlind, A., Bacanilao,' F.. and Bern, H.A. (1972).
Teleost caudal neurosecretory system: Effects of
osmotic strHss on urophysial proteins and active
factors. Comp. Biochem. Physiol. 42A: 345-3520
Bern, H.A. (1969). Urophysis and caudal ileurosecretory
system. In: Eisr Physiology. Vol. II. (Ed. Hoar,
W.S.. and Randall, D.J.). Academic Press, New York.
PP: 399-418.
Bern, H.A. (1975) Prolactin and osmoregulation Amer. Zool.
Bern, H.A. and Lederis,. K. (1969). A refrence preparation
for the study of active substances in the caudal




Bern, H.A. and Lederis, K. (1978). The caudal
neurosecretory system of fishes in 1976. In:
Neurosecretion and Neuroendocrine Activity-
Evolution Structure and Function. (Ed. Bar gmann
W., Oksche, A., Poleror, A.,and Scharrer, B.)
Springer-verlag, Berlin. pp: 341- 349.
Bern, H. A. and Nishioka, R. S. (1979). The caudal
neurosecretory system and osmoregulation. Gunma
Symposia Endocrinol. 16: 9-17
Bern, H.A., Nishioka, R.S., Chester Jones, I., Chan,
D.K.O., Rankin, J.C. and Ponniah, S. (1967).
The urophysis of theleost fish. J. Endocrinol.
37: xl-xli. (abstract).
Bern, H. A. and Takasugi, N. (1962). The caudal
ne.urosecret: ry system of fishes. Gen. Comp.
Endocrinol. 2: 96-111.
Bern, H. A., Yagi, K. and Nishioka, R. S. (1965). The
structure and function of the caudal neurosecretory
system of fishes. Arch. Anat. Microsc. Morphol.. Exp.
54: 217-238
Beswick, E.A.. (1978). Sodium-potassium balance in the
balance in the black molly (Poecilia latipinna).
Comp. Biochem. Physiol. 60A: 225-233.
Black, V.S. (1957). Excretion and osmoregulation. In: The
Physiology Df Fishes Vol. I. (Ed. Brown, M.E.).
Academic Press, New York. pp: 163-205.
163
Boyd, T.A., Cha, C.J., Forster, R.P. and Goldstein, L.
(1977). Free amino acids. in tissues of the skate
Raja erinacea and the stingray Dasyatis sabina:
Effects of environmental dilution. J. Exp. Zool.
199: 435-442.
Bradshaw, S.D. and Shoemaker, V.H. (1967). Aspects of
water and electrolyte changes in a field population
of Amphibolurus lizards. Comp. Biochem. Physiol.
20: 855-865.
Brewer, K.J. and McKeown, R.A. (1978). Effects of
ergocryptine, prolactin, and growth hormone on
survival and ion regulation in rainbow trout
Salmo gairdneri. Cau. J. Zool. 56: 2394-2401.
Carroll, N.V., Longley, R.Wand Roe, J.H. (1956). The
determination of glycogen in liver and muscle by
use of anthrone reagent. J. Biol. Chem. 220: 583-593.
Carvajal, S. Jr. and Vallowe, H.H. (1972). Development
and osmoregulatory role of the urophysis of the
teleost Xiphophorus helleri. Proc. Penn. Acad. Sci.
46: 35-36.
Chan, D.K.Q. (1975). Cardiorascular and renal effects of
urotensin T and II in the eel, AAuilla roster.
Gen. Comp. Endocrinol. 27: 52-61.
Chan, D.K.O. and Bern, H.A. (1976). The caudal neurosecretory
system, a critical evaluation of tie two-hormone
hypothesis. Cell Tissue Res. 174: 339-3540
164
Chan, D.K.O. and Wong, T.M. (1977). Physiological
adjustments to dilution of-the external medium in
the lip-shark Hemiscyllium plaEiosum (Bennett) I,'
Size of body compartments and osmolyte composition.
J. Exp. Zool. 200: 71-84.
Chan, D.K.O. and Woo, N.Y.S. (1978a). Effect of cortisol
on the metabolism of the eel, Anguilla japonica.
Gen. Comp. Endocrinol. 35: 205-215.
Chan, D.K.O. and Woo, N.Y.S. (1978b). The respiyaory
metabolism of the Javanese eel, Anguilla japonica:
Effects of ambient oxygen, temperature, season,
body weight, and hypophysectomy. Gen. Comp. Endocrinol.
35: 160-168.
Chan, D.K.O. and Woc' N.Y.S. (1978c). Effect of
hypophysectomy on the chemical composition and
intermediary metalolism of the Japanese eel,
Anguilla anguilla. Gen. Comp. Endocrinol.
35: 169-178.
Cht ster Jones, I., Chan, D.K.O., Henderson, I.W. and
Ball, J. N. (1969). The adrenocortical steroids,
adrenocor.ticotropin and the corpuscles of Stannius.
In: Fish Physiology, Vol. II. (Ed. Lioar, W. S, and
Raudall, D. J.) Academic Press, New York. pp: 321-376.
165
Chester Jones, 'I., Chan, D.K.O. and Rankin, J.C., (1969).
Renal function in the European eel (Anuilia
anguilla L.): Effects of the causal neurosecretory
system, corpuscle, of Stannius, neurohypophysial
peptides and vasoactive substances. J. Endocrinol.
43: 21-31.
Chevalier, G. (1976). Ultrastructural changes in the
caudal neurosecretory cells of the trout Salvelinus
fontinalis in relation to extern it salinity. Gen.
Comp. Endocrinol. 29, 441-454.
Chevalier, G. (1978). In vivo incorporation of (3H) leucine
and (3H) tyrosine by caudal neurosecretory cells of
the trout Salvelinus fontinalis in relation to
osmotic manuipulations. A radioautographic study.
Gen. Comp. Endocrinol. 36: 223-228.
Chow, T.W., Cheng, D.I. and Cheng,. M.D. (1962).
A preliminary study on the reproduction ecology of
the snake-head fish, Ophiocephalus argus Cantor.
J. Shanton Univ. 4: 61-73. (in Chinese)
Clark, D., Whitmore, D.H. Jr. and McMahon, R.F. (1979).
Consideration of blood parameters of largemouth bars,
Micropterub salmoides J. Fish Biol. 14: 147-158.
Colley, L., Fox, F.R. and Huggin, A.K. (1974). The effect
of changes in external salinity on the non-protein
nitrogenous constituents of pariet ll muscle from
Agonus cataphractus. Comp. Biochem., Physiol. 48A:
757-763.
166
Conte, F.P. (1969). Salt secretion. In: Fish physiology.
Vol. I. (Ed. Hoar, W.S. and Randall, D.J.). Academic
Press, New York. pp: 241-292.
Conte, F.P. and Lin, D.H.Y. (1967). Kinetics of cellular
morphogenesis in gill epithelium during sea water
adaptation of Oncorhynchus. Comp.Biochem. Physiol.
23: 945-957.
Courtois, L.A. (1976). Respiratory responses of Gillichthys
mirabilis to changes in temperature, dissolved oxygen
and salinity. Comp. Biochem. Physiol. 53A: 7-10.
Cowey, C.B., Baisley, K.W. and Parry, G. (1962). Stady of
amino acids, free or as components of protein and
some B vitamins in the tissues of the Atlantic salmon,
Salmo salar, during spanning and migration. Comp.
Biochem. Physiol. 7: 29-38.
Curtis-Prior, P.B. (1976). Prostaglandins. North Holland,
Amsterdam, New York.
Daikoku, T. (1977). Changes and effects of trimethylamine
oxide in freshwater fishes, the guppies, Poecilia
reticulata and the goldfish, Carascius auratus.
Annot. Zool. Jap. 50: 203-211.
Dave, G., Johansson-Sjobeck, M.L., Larsson, A, Lewander,
K. and Lidman, U. (1979). Effects of cortisol on
the fatty arid composition of the total blood plasma
lipids in the European eel, Anguilla anguilla L.
Comp. Biochem. Physiol. 64A: 37-40.
167
Dembinska-Kiec,. A., Zmuda, A. and Krupinska, S. (1976).
Inhibition of prostaglandin synthetase by aspirin-
like drugs in different microsomal preparations.
In: Adv. Prostaglndins and Thrombozane Res. Vol. I.
(Ed. Samuelsson, B. and Paoletti, R.) Raven Press,
New York. pp: 99-103.
Denton, J.E. and Yousef, M.K. (1975). Seasonal changes
in hematology of rainbow trout, Salmo gairdneri.
Comp. Biochem. Physiol. 51A: 151-153.
De Renzis, G and Maetz, J. (1973). Studies on the mechanism
of chloride absorptron by the goldfish gill:
relation with acid-base regulation J. Exp. Biol.
59: 339--358.
De Vlaming, V.L. arid Sage, M. (1973). Osmoregulation in
the euryhaline elasmobranch, Dasydtis sabina.
Comp. Biochem. Physiol. 45A: 31-44.
Tjharmamba, M. (1970). Studies of the effects of hypophy-
sectomy and prolactin on plasma osmolarity and
plasma sodium in Tilapia mossambica. Gen. Comp.
Endocrinol. 14: 256-269.
Dharmamba, M., Mayer-Gostan,. N., Maetz, J. and Barn, H.A.
(1973). Effect of prolactin on sodium movement in
Tilapia mossambica adapted to sea water Gen. Comp.
Endocrinol. 21: 179-187.
Dixon, W.-J. and Massey, F. J. Jr. (1969). .Introduction to
Statistical Analysis. TAcGraw--Hill, New York.
168
Doyle, N.L. (1977). Cytological than es in chloride cells
following altered ionic media. J. Exp. Zool 199:
427-434.
Du, K.S. (1962). on the biology of the Chinese snake-head
Ophi ocephalus aius, in Liang-Tse Lake. Acts
Hydrobiol. Sinica 2: 54-66.
Eddy, F.B. and Bath, R.N.. (1979). Ionic regulation in
rainbow trout (Salvo gairdneri) adapted to fresh
water and dilute sea water. J. Exp. Biol. 83.
181-192.
Enaml, M. (1956). Studies in :ieurosecretion VIII-'Changes
in the caudal neuresecretory system of the loath
(Misgurnus aLEuillicaudatus) in response to osmotic
in response to osmotic stimuli. Proc. Jap. Acad.
32: 759-764..
Epple, A. 'and Focsis, J. (1980). The effects of pancreat-
ectomy on tissue taurine of the American eel under
varying osmotic and nutritional conditions. Comp.
Biochem. Physiol. 65A: 139-1420
Epstein, F.H., Cynamon,M. and McKay, W. (1971)'. Endocrine
control of Na-K-ATPase in seawater adaptation in
Anguilla ro trata Gen. Comp. Endocrino.l. 16: 323-3280
Epstein. F.H., Katz,A.I. and Pickford, G.E. (1967).
Sodium-and potassium-activated Adenosine Triphosphatase
of gills: role in adaptation of teleost to salt water.
Science 156: 1245-1247.
169
Evans, D.H. (1969). Studies on the permeability to water
of selected marine, freshwater and euryhaline
teleosts. J. Exp. Biol. 50: 689-703.
Evans, D.H. (1975). Ionic.- exchange mechanisms in fish
gills. Comp. Biochem. Physiol. 51A: 491-495.
Evans, D.H.. (1978). Hormonal control of sodium transport
by the gills of.teleost fish. In: Environmental
Endocrinology (Ed. Assenmacher, I. and Farner, D.S.)
Springer-Verlag, Berlin. pp: 204-209.
Farghaly, A.M., Ezzat, A.A: and Shabana, M.B. (1c),73).
Effect of temperature and salinity changes on the
blood characteristics of Tilapia zilli in Egyptian
littoral lakes. Comp. Biochem. Physiol. 46A:
183-1930.
Farmer, G.J. and Beamish, F.W.H. (1969). Oxygen consumption
of lilap..a nilotica in relation to swimming speed
and salinity. J. Fish. Res. Bd. Can. 26: 2807-2821.
Fenwick, J. (1979). Ca 2+- activated adenosinetriphosphatase
activity in the gills of freshwater-and seawater
adapted eels (Anguilla rostrata) Comp.. Biochem.
Physiol. 62B: 67-70.
Ferreira, S.H. and Vane, J.R. (1974). Aspirin and
Prostaglandins. In: The prostaglandins. Vol. II.
(Ed. Ramwell, P.W.). Plenum Press, New York.
PP: 1-39*
Fingerman, 11. (1974). Comparative endocrinology. In:
Experimental Marine Biology. (Ed. Mariscal, R.N.)
Academic Press, New York. pp: 165-223.
170
Fiske, C.H. and Subbaron, Y. (1925). The colorimetric
determination of phosphorus. J. Biol. Chem.
66: 375-400.
Fleming, W.R. and Stanlty, J.G. (1965). Effects of
rapid changes in salinity on the renal function
of a euryhaline teleost. Amer. J. Physiol.
209: 1025-1030
Flower, R.J. (1974). Drugs which inhibit prostaglandin
biosynthesis. Pharmacol. Rev, 26: 33-67.
Flower, R.J. and Vane, J.R. (1974). Inhibition of
prostaglandin biosynt.ftosis. Biochem. Pharmacol.
23: 1439-1450.
Fluckiger, E. (1978). Effects of bromocriptine on the
hypothalmo-pituitary axis. Ac to Endo crinol,. Suppl.
216: 111-117.
FlUckiger, E. and Del Pozo, E. (1978). Influence on the
endocrine system. In: Ergot Alkaloids and related
Compounds. (Ed. Berde, B. and Schild, H.0.).
Springe-Verlag, Berlin. pp: 615-690,
Folmar, L. C. and Dickhozf, W.W. (1979), Plasma thyroxine
and gill Na+-K+-ATPase changes during seawater
acclimaiic,n of coho. salmon Onchorynchus kisutch.
Comp. Biochem. Physiol. 63A: 329-332
171
rorrest, J.N.Jr., Cohen, A.D., Schon, D.A. and E steinp, F.H.
(1973). Na transport and Na-K-ATPase in gills during
adaptation to seawater: effects of cortisol. Amer, J.
Physiol. 224: 709--713.
Forster, R.P. and Goldstein, L. (1976). Intracellular
osmoregulatory role of amino acids and urea in
marine elasmobranchs. Amer. J. Physiol. 230: 925.
931.
Fridberg, G. (1962). The caudal neurostre Cory Sys OM in
some elasmobranchs. Gen. Comp. Endocrinol. 4: 249-
266.
Fridberg, G. and Bern, H.,A. (1968). The urophysis and the
caudal neurosecretory system of fishes. Biol. Rev.
43: 175 -199.
Fridberg, G., Bern, H.A. and Nishioka, R.J (1966a), The
caudal Reurosecretory system of the isospondylous
teleost, Albula vulpes, from different habitates.
Gen. Comp. Endo c rino l. 6: 195-2,112.
Fridberg, G., Nishioka, R.S,, Bern, H.A. and Fleming, W.P.
(1966b). Regeneration of the caudal neurosecretory
system in the ci.child teleost, T laria mossambica.
J. Exp. Zool. 162: 311-3360,
172
Fryer, J.N., Woo, N,Y,S,, Gunther, R,L, and Bern, H,A,
(1978). Effect of urophysial homogenates
on plasma
ion levels in Gillichth,y5 mirabilis. (Telcostei:
Gobiidae). Gen. Comp. Endocrinol. 35: 238-244.
Gallis, J.L., Belloc, F., Lasserre, D. and Boiss:au, J.
(1979b). Freshwater adaptation in the euryhaline
teleost, Chelon labrosus II, Effects of continuance
of adaptation, cortisol treatment.and environmental
calcium on water influx in isolatod gill. Gen. Comp.
Endo crinol. 38: 1 1 -20.
Gallis, J.L., Lasserra, P. and Belloc, F. (1979a). Fresh-
water adaptation-sn the euryhaline teleost, Chelon
labrosus I. Effects of adaptation, prolactin, cortisol
and atinomycin D on plasma osmotic balance and
(Na+-K+)ATPase in gill and kidney, Gen e Ccm p.
Endocrinol, 38 1-10.
Ganong, W.F. (1979). Review of Medical Physiology. Lange
Maruzen, Singapore. pp: 1-20.
Garcia Romeu, F. and Maetz, J. (1964). The mechanism of
sodium and chloride uptake by the gills of a
fresh-water fish, Carassius auratus. J. Gon. Physiol,
47: 1195-1207.
173
Garside, E.T. and Chin-Yuen-Kee, Z.K. (1972). Influence of
osmotic stress on upper lethal tcuperatures in the
cyprinodon fish. Fundulus heteroclitus (L.) Can,
J. Zool. 50: 787-791,
Gerritsen, M.E. and Lederis, K. (1976). Effects of urotensin
I on isolated blood vessels. Proc. West. Pharmacol
Soc. 19: 461-465.
Gill,V.E., Burford, G.D., Lederis, K. and Zimmerman E.A.
(1977). An immunocy1.ochemical investigaticn for
argine vastocin arid neurophysin in the pituitary
gland and the caudal neurosecretory system of
Catostomus commersoni. Gen. Comp. Endocrinol.
32: 505-511
Good, C.A., Kramer, H. and Somogyi, M. (1933). the
determination of glycogen, J. Biol. Chem. 100:
485-491.
Greenwald, L., Kirschner, L.B. and Sanders, M. (1974.)
Sodium efflux and potential differences across
the irrigated gill' of sea water-adapted-rainbow
trout (Sal ai dneri), J. Gen. Physiol.
64: 135-147
Hansen, H.J.M. (1975). Changes in lipid.fraction of eel
gills after ionizing irradiation in vivo and a
shift from fresh to sea water. Raciat. Res. 62:
216-224.
174
Hansen, H.J.M,(1979). The influence of environmental
salinity, temperature, ionizing irradiation and
yellow or silver stage on lipid metabolism in the
gills of the European eel (Anguilla anguilla)
Comp Bio chem, Physiol. 63B: 483-490.
Hanson, R.C. and Fleming, W.R. (1979). Serum cortisol levels
of juvenile bowfin, Amia calva: effects of hypophy-
sectomy hormone replacement and environmental
salinity, Comp. Bio:hem, Physiol, 63A: 499--502.
Hartree, E.F.(1972). Detera'.ination of protein: A
modification of the Lowry method that gives a
linear photometric response, Ana, Biochem, 48:422-
427.
Hatting,J. (1975). Oxygen consumption aid temperature
selection of mudfish. S. Afr. J. Sci. 71: 90-91.
Haywood, G.P. (1973). Hypo-osmotic regulation coupled
with reduced metabolic urea in the dogfish
Poroderma africanum: An analysis of serum
osmolarity, chloride and urea. Mar, Biol. 23:
121-127,
Hettler, W.F. (1976), Influence of temperature and
salinity on routine metabolic rate and growth
of young Atlantic menhaden, J. Fish Biol. 8: 55
65.
175
Hickman, C. P. Jr. (1959). The osmoregulatory role of the
thyroid gland in the stany floundhr, Platichthys
stellatus. Can. J. Zool. 37: 998.1060.
Hickman, C. P. Jr. and Trump, B. F. (1969). The kidney. In
Fish Physiology, Vol. I (Ed. Hoar, W.S. and Randall,
D.J.). Academic Press, New York. pp: 91-239.
Hilmy, A.M., Badaw, H.K. and El-Domiaty, N.A. (1 978).
Seasonal changes of total serum proteins and non-
protein nitrogen in the blood of two fresh water
teleots , gyprinus carpio. L. and Bagrus bayad Rupp.
Comp. bio chem. 11hysio l. 59A: 89-94.
Hirano, T. (1969). Effests of hypophysectomy and salinity
change on plasma cortisol concentration in the
Japanese eel, Anguilla japonica. Endocrinol. Jap.
16: 557-560.
Hirano, T. (1974). Snvie factors regulating water intake
by the eel, Anguilla japonica. J. Exp. Biol. 61:
737--747.
Hirano, T. (1979). Efforts of carp urophysial extract
on renal function in the eel, Anguilla japonica. Gun-
ma Symposia Endocrinol. 16: 59-67.
176
Hirano, T., Johnson, D.W., Bern, H.A. and Utida, S. (1973).
Studies on water and ion movements in the isolated
urinary bladder cf selected fresh water, marine and
euryhaline teleosts. Comp, Biochem. Physiol,
45: 529.540.
Hirano, T., Kamiya, M., Saishu, S. and Utida, S. (1967)
Effects of hypophysectomy and urophysectomv on
water and sodium transport in isolated intestine
and gills of Japanese eel (Anguilla aynice.).
Endocrinol. Jap, 1k: 132-186.
Hirano, T., Mc ri sawva, M. and Suzuki, K. (1978). Changes
in plasma and coelomic fluid composition of the
mature salmon (Oncorhynchus keta) during fresh water
adaptation. Comp, Biochem, Physi ol, 61A: 5.8.
Hoar, W.S. (1976). General and Comparative Physilogy.
Prentice-Hall of India, New Delhi.
Hofmann, E.L. and Butler, D.G. (1979). The effect of
increased metabolic rate on renal function in the
rainbow trout, Salmo gairdneri. J. Exp, Biol. 82:
11-23.
Holmes, W.N. and McBean, R.w. (1963). Studies on the
glomerular filtration rate of rainbow trout (Salmo
Eairdneri) J. Exp. Biol, 40: 335-341.
177
Horseman, N.D. and Meier, A.H. (1978). Prostaglandin
and the osmoregulatory role of p,rolac tin in a
teleos t. Life Sci. 22: 1485-1190.
Hossler, F. E., Ruby, J.R. and Mc Ilwain T.D. (1979). The
gill arch of the mullet, Mugil cephalus II.
Modification in surface ultrastructure and Na, K-
ATPase content during adaptation to various
salinities. J. Exp. Zool. 208: 399-406.
Howe, D. and Cutknecht, J. (1978). Role of urinary
bladder in osmoregulation in marine feleost,
Opsanus taus. Amer. J. Physiol. 235: R48-54,
Hu, H.H. and Cher., S. L. (1964). The reproduction behaviour
and embryonic development of the snakehead. Biol.
Commu. 2: 17-19. (in Chinese).
Huggins, A.K. and Colley, L. (1971). Th changet in the
non-protein nitrogenous constituents of muscle
during the adaptation of the eel Anguilla anguilla L.
from fresh water to sea water. Comp. Biochem.
Physiol. 38B: 537-541.
Hupeh Hydrobiol, Inst., Fish Div. (1976). Fishes in
Yangtze River. Sci. Pub. Peking, p?: 221-236.
(in Chincse).
178
Ichikawa, T. (1980). Antidiuretic activity of teleost
urophysial extracts in the rat. J. Comps Physiol .
135: 183-189.
Ichikawa, T. and Kobayashi, H. (1973). The caudal
neurosecretory system of fishes, Zool, Mag.
(Tokyo). 82: 141-153.
Imai, K., Stanley, J.G., Fleming, W.R. and Bern, H.A.
(1965). On the suggested osmoregulatroy role of
the teleost caudal neurosecretory system. Proc,
Soc.Exp.Biol. Med. 118: 1102-1106.
Ireland, M.P. (1969). Effect of urophysectomy in
Gasterosteuus aculead on survival in fresh water
and sea water, J. Endocrinol, 43: 133--134,
Isaia, J. (1979). Non- electrolyte permeability of trout
gill: Effect of temperature and adrenaline. J.
Physio1. 286: 361-373.
Isaia, J., Maetz, J. and Haywood, G.P. (1978). Effects
of epinephrine an branchial non-electrolyte
permeability in rainbow trout. J. Exp. Biol.
74: 227-237.
Isaia, J., Payan, P. and Girard, J.P. (1979). A study of
the water permeability of the gills of fresh water-
and sea water-adapted trout (Salmo gairdneri): Mode of
action of epinephrine. Physiol, Zool, 52: 269-
279.
179
Jampo l, L. M. and Epstein, F.H.( 1970). Sodium-potassium
activated adenosine triphosphatase and osmotic
regulation by fishes. Amer. J. Phyiol. 218: 607-
611.
Job, S.V. (1959). The metabolism of Plotosus anguillaris
(Bloch) in various concentrations of salt and
oxygen in the medium. Proc..-'Ind. Acad. Sci.. B50,
267-288.
Job,, S.V. (1969a). The respiratory metabolism of Tilapia
mossambica (Teleostei).. I. The effect of size,
temperature and salinity. Mar. Biol. 1211260
Job, S.V. (1969b). The respiratory metabolism of Tilapia
mossambicb (Teleostei) II. The effect of size,
temperature, salinity and partial pressure of
oxygen. Mar. Biol. 3: 222-2260
Johnson, D.W. (1973). Endocrine control of hyrromineral
balance in teleo5ts. Amer.- Zool. 13: 799--818.
Johnson, D. W,, Hirano, T. Bern, H.A. and Conte, F.P.
(1972). Hormonal control of water and Na m.ovemQnts
in the urinary bladder of the scurry flounder,
Platichthys stellatus. Gen. Comp Endocrinol.
19: 115-128.
180
Jozuka, J. (1976). Adaptation of gill adenosine triphosphat-
ase in the euryhaline teleost, medaka (Oryzias
latiijes). Ann. Scj_, Kanazawa. Univ. 13: 81-90.
Kamiya, M. (1972). Sodium-potassium-activated adenosine
triphosphatase in isolated chloride cells from
eel gills. Comp. Biochem. Physiol. 43B: 611-617.
Kamiya, M. and Utida, S. (1969). Sodium-potassium-activated
adenosine triphosphatase activity in gills of
fresh water, marine and euryhaline teleostc. Comp.
Biochem. Physiol. 31: 671-674.
Karnaky, K.J.Jr., Degnan, K.J. and Zadunaisky, T.A. (1977).
Chloride transport across isolated opercular
epithelium of killifish: a membrane rich in chloride
cells, Science 195: 203-205.
Karnaky, K.J.Jr., Ernst, S.A. and Philpott, C.W. (1976a).
Teleost chloride cell I. Response of pupfish
Cyprinodon v rie atlas gill, Na, K-ATPase and chloride
cell fine, structure to various salinity environments.
J. Cell Biol. 70: 144-156
Karnaky, K.J.Jr., Kinter, L.B., Kinter, W.B. and Sterling,
C.E. (1976b). Teleost chloride cell II. Autoradio-
graphic localization of gill Na, K-ATPase in killifish
Fundulus heteroclitus adapted to low and high salinity
environments. J, Cell Biol. 70: 157-177.
181
Karnaky, K.J.Jr. and Kinter, W.B. (1977), Killifish
opercular skin: a flat epithelium with a high
density of chloride cells. J. Exp. Zool, 199:
355-364.
Kerstetter, TQH,, and Kirshner, L.B. (1972). Active
chloride transport by the gills of rainbow trout
(Salmo gairdneri), J. Exp. Biol. 56: 263-272.
Keys, A. (1933). The mechanism of adaptation to varying
salinity in the common.eel and the general problem
of osmotic regulation in fishes. Proc. Roy: Soo
Lond. Ser, B. 112: 185-199.
Kirsch, R. (1972). The kinetics of peripheral exchanges of
water and electrolytes in the silver cal (Anguilla
anguilla L.) in fresh water and in sea water.
J. Exp. Biol. 57: 489-512.
Kott, E. (1971). Liver and muscle composition of mature
lampreys. Gan, J. Zool. 49: 801-805.
Kristensen, K. and Skadhau-e, E. (1974). Flow along the
gut and intestinal absorption of salt and water in
euryhaline teleosts: A theoretira.l analysis. J.
Exp. Biol. 60: 557-566.
Lacanilao, F. (1969). Teleostean urophysis: stimulation of.
water movement across the bladder or the toad Bufo
marinus. Science 163: 1326-1327.
182
Lacanilao, F. (1972a). The urophysial hydrosmotieydrisnituc factor
of fishes. I. Characteristics and Similarity to
neurohypophysial hormones, Gen, Comp, Endocrinol.
19:405-412.
Lacanilao, F. (1972b). The urophysial hydrosmotic factor
of fishes. II, Chromatographic and pharmacolagis
indications of similarity to arginine vasotocin.
Gen. Comp. Endocrinol. 19: 413-420.
Lacanilao, F. and Bern, H.A. (1972). The urophysial
hydrosmotic factor, of fishes. III, Survey of fish
caudal spinal cord regions for hydrosmotic
activity. Proc. Soc., Exp. Biol. Med. 140: 1252-
.
1253.
Lahlou, B., Henderson, I.W. and Sawyer, W.H. (1969).
Sodium exchanges n goldfish (Carassius auratus L.)
adapted to a hypertonic saline solution. Comp.
Biochem. Physiol. 23: 1427-1433
Lasserre, P. and Gilles, R. (1971). Modification of the
amino acid-pool in the parietal muscle of two
euryhaline teleosts during osmotic adjustment,
Experientia, 27: 1434-1435.
Leatherland, J.F. (1976). Effect of the prolactin-
inhibiting substances bromocriptort and 1 ergotrile
on hydromineral regulation in rainbow trout Salmo
Eai dneri. J. Comp. Physiol. 105: 233-242.
183
Lederis, K. (1969). Teleostean urophysis: stimulation of
contraction of bladder of the trout Salmo
gairdnerii, Science 163: 1327-1328.
Lederis, K.( 970a). Teleost urophysis. I. bioassay of
an active urophysial principle on the isolated
urinary bladder of the rainbow trout, Salmo
gairdnerii, Gen. Comp. Endocrinol. 14: 1+17-1+26.
Lederis, K. (1970b). Teleost urophysis II. Biological
characterization of the bladder contracting
activity. Gen. Comp. Endocrinol. 14: 427-437.
Lederis,.K. (1977). Chemical properties and the
physiological and pharmacological actions of
urophysial peptides, Amer. Zool. 17: 823-832.
Lederis, K,, Bern, H.A., Medakovic, M., Chan, D.K.O.,
Nishioka, R.S., Letter, A., Swanson, D., Gunther,
R., Tesanovic. M` and Horne, B. (1974). Recent
func tiona3 studies on the caudal neuro se cre tort'
system of teleost fishes. In: Neurosecretion: The
final neuroendocrine pathway, (Ed. Knowlds, F.
and Volirath, L.). Springer-Verlag, Berlin.
pp: 94-103.
Lederis, K. and Medakovic, M. (1974). Fyfects and assay of
UI on, the perfused hind limb of the rat, Gen.
Comp. Endocrinol. 24.: 10-16.
184
Leefler, C.W. (1973), Metabolic rate in relation to body
size and environmental 02 concentration in two species
of Xanthid crabs. Comp. Biochem, Physicl. 44: 1047-
1052.
Lehninger, A.L. (1975). Biochemistry. Worth Pub., New York.
Lidman, U,, Dave, G., Johansson-Sjobeck, M.L,, Larsson, A.
and Lewander, K. (1979). Metabolic effects of cortisol
in the European eel, Anuilla anuilla (L), Comp,
Biochem. Physiol. 63A: 339-344.
Loretz, G.A. (1979a). Some effects of ovine prolactin on
body fluid composition in the cichi.ld teleost
Sarotherodon mossambicus acclimated to sea water.
Gen..Comp. Endocrinol. 38: 38-42.
Loretz, C.A. (1979b), Osmotic and cell volume regulation
in the goby, GilU chthys mirabilis, Exp. Zool.
210: 237-244.
Love, R.M. (1970). The chemical biology of fishes,, Academic
Press, London, pp: 222-257.
Lowry, O.H., Rosebrough, N.J., Farr, A,L. and Randall R.J.
(1951). Protein measurement with the Folin phenol
reagent. J. Biol. Chem, 193: 265-275.
Lutz, P.L. (1972). Ionic patterns in the teleost, Comp,
Biochem, Physiol, 42A: 719-733.
185
Lwowski, E.S. (1978). The corpuscles
of Stannius and
calcified tissue in the eel, Anguilla rostra--- to (L).
Comp o Bio chem. Physiol. 59A:. 183-18 7.
Maceina, M,J. and Shireman J• T
, (1979), Grass carp:
effects of salinity on survival, weight loss, and
muscle tissue water content. Prog. Fish Cult
1+1: 69-73.
MacFarlane, W. V. (1964). Terrestrial animals in dry heat:
Ungulates. In: Handbook of Physiology. Sec 5.
Adaptation to the environment. Amer. Ph sioly. Soc.,
Washington. pp: 509-539.
Mackay, W.C. (1974). Effect of temperature on osmotic
and ionic regulation in goldfish, 'Carassius auratus
L. J. Comp, Physiol. 88: 1-190
Mackay, Vila C. and Janick.i, R. (1 979). Changes in the eel
intestine during seawater adaptation. Comp. Biochera
Physiol. 62A: 757-76i.
Maetz, J. (1970)• Mechenism of salt and water tran fer
across membranes in teleosts in relation to the
aquatic environment. Mem. Soc. Endocrino 1. 18:3.29.
Maetz, J. (1971. Fish gills: Mechanisms of salt
transfer in fresh water and sea water. Phil.
Trans. Roy, Soc. Lond, B. 262: 209-249.
186
Mae tz, J. (1974). Aspects of adaptation to hypo-osmotic
and hyperosmotic environments. In: Biochemical
and Biophysical Perspectives in Marine Biology.
Vol. I. (Ed. Mali 11s, D. C, and Sargent, J.R.)
Academic Press, London, pp: 1-167.
Maetz, J. (1976). Transport of ions andwater across the
epithelium of fish gills. In: Lung Liquids, Ciba
Found,, ymp. 38 (ner, series) Elsevier, Excerpta,
Medica, Amsterdam. pp: 133-159.
Maetz, J. and Bornancin, M. (1975). Biochemical and
biophysial aspects of salt secretion by chloride
cells in teleost. Forschr. Zoola. 23: 322-362.
Maetz, J., Bourguet, J. and Lahlou, B. (1964). Urophyse
et osmorepulation chez Carassius auratus, Gen. Comp.
Endocrinol. 4: 401-414.
Maetz, J. and Garcia Romeu, F. (1964). The mechanism of
sodium and water uptake by the gills of a fresh
wator fish, Carassius auratus. II. Evidence for
Nh4+/Na+ and HCO3-/Cl- exchanges, J. Gen. Physiol.
47: 1209-1227.
Mangum, C.P., Haswell, M. S. and Johansen, K. (1977).
Low salt and high pH in the blood of Amazon fishes.
J. Exp. Zool, 200: 163-168.
187
Marshall, W.S. (1977). Transepithelial potential and short.
circuit current across the isolated skin of Gillichth
mirabilis (Teleostei:. Gobiidae), acclimated to
5% and 100% sea writer. J. Comp, Physiol. 1140 157-165.
Marshall, W.S. and Bern, H.A. (1979). Teleostean urophysis:
Urotensin II and ion transport across the isolated
skin of a marine teleost. Science, 204: 519-521,,
Matthews, D.M, Muir, G.G. and Baron, D.N. (1964).
Estimation of alpha-amino nitrogen in plasma and
urine by the colorimetric ninhy drin reaction.
J. Clin. Path. 17: 150-1530
Medakovic,. M., Chan, D.K.O. and Lederis, K. (1975b).
Pharmacological effects of urotensins, II. Penal
effects of urotensin I in the rat, Pharmacology
13: 419-426.
Medakovic, M,, Devlin, A. and Lederis, K. (1975a), Blood
pressure and renal effects of prolonged daily
subcutaneous administration of urotensin I peptide
in spontaneously hypertensive rats, Proc. West,
Pharmacol. Soc. 18:384-388.
188
Meister, R., Zwingelstein, G. and Jonanneteau
. J. (1974).
Salinity and fatty acid composition of tissue
phosphoglyceride5 of the eel (Anguilla all uilla
Ann, Inst, Michel Pacha 6: 58-71.
Milet.C., Peignoux-Deville, J. and Martell E. (1y'E,(1979).
Gill calcium fluxes in the eel, Anguilla an uilla L
Effects of Stannins corpuscles and ultimobranchial
body. Comp. Biochei Physiol. 63A: 63-7o4
Morisawa, M3,•Eirano, T. and Suzuke, K. (1979). Changes in
blood and seminal plasma composition of the mature
salmon (Onc o rhZncihus key) during adaptation to
fresh water, Comp. Biochem. Physiol. 64A: 325-329.
Morris, R. (1957). Some aspects of the structure and
cytology of the gill of Lamuetra - fluviatilis- (L.)
J. Microsc. Sc:i. 98: 473-4850
Morris, R. (1960). General problems of osmoreguie.tion with
special reference to cyclostomes. Symp,, Zool. Soc.
Lond. 1: 1-16,
Morris, R. and Pickering, A.D. (1975), Ultrastructure of
the presumed ion-transporting cells in the gills
of ammocopte lampreys, Lamnetra fluviatilis (L.) and
Larnpetra planeri (Bloch). Cell Tissue Res,
163: 327-341.
189
Motais, R.. (1970). Effect of atinomycin D on the branchial
Na-K dependent ATPase activity in relation to
sodium balance of the eel. Comp. Biochem. Physiol.
34: 497.501.
Mo tais, R. and Garcia-Romeu, F. (1972). Transport
mechanisms in the teleostean gill and amphibian
skin. Ann. Rev. P hysiol. 34: 141-176
Muller, R. (197k). Carbohydrate metabolism and osmomineral
balance if LeuciscuF, rutilus L. Zool. Jahrb., Abstr.
Allg. Zool. Physioi.., Tiere 78: 85-107.
Muller, R., Buke, K., Martin-Neumann, U. and Hanke, W.
(1974). Salt water adaptation. and metabolism in
teleosts. Fortschr. Zool. 22: LF56-k70.
Murphy, B. Eo D. (1967), Sore studies of the protein-binding
of steroid, and their application to the routine
micro and _ultramicro measurement of vario:zs steroids
in body fluids by competitive pro to n-binds.ng
radioassy. J. Clin. Endocrinol. Metab. 27: 973-990.
Murray, R.W. and Po tts:9 W.T.W. (1961). The composicion
of the endolymph, perilym h and other body fluids
of elan ohranches. Comp. Biochem. Physiol. 2: 65-
75.
190
Nelson, J.S. (1968) Salinity tolerance of brook stickle-
backc, Culaea inconstans, fresh water ninespine
sticklebacks, Pungitius pungitius, and fresh water
fourspine sticklebacks, Apeltes quadracus. Can
J. Zool. 46: 663-667.
Ng, H.L., Kam, K.P. and Ai, Y. (1977). The Chinese
poisonous and medical used fishes. Shanghai. Sci.
Techn. Pub., Shanghai. pp: 267-269. (in Chinese)
Nonnotte, G., Nonnotte, L. and Kirsch, R. (1979). Chloride
cells and chloride exchange in the skin of a sea
water teleost, the shanny (Blennius pholis L.)
Cell Tissue Res, 199: 387-396.
Norodlie, F.G. (1978). The influence of environmental
salinity on respiratory oxygen demands in the
euryhaline telcost, Ambassis in terrupta Bleeker.
Comp, Biochem. Physiol, 59A: 271-274.
Nordlie, F.G. and Leffler C.W. (1975). Ionic regulation
and the energeties of osmoregulation in Mugil
cenhalus Lin. Comp. Biochem. Physiol. 51A: 125-131.
Norton, V.M. and Davis K.B. (1977). Effect of abrupt
change in the salinity of the environment of plasma
electrolyte, urine volume and electrolyte excretion
in channel catfish, Ictalurus punctatus. Comp.
Biochem. Physiol. 56A: 425-431.
191
Ogasawara, Y., Akateu, S. and Taki, Y. (1978). Juvenile
stage and effect of salinity on the survival of
larvae and juveniles in the striped fingerfish,
Mondoactylus sebae. Jap. J. Ichthyol. 24: 246-250.
Ogawa, M., Yagasaki, M. and Yamazaki, J. (1973). The effect
of prolactin on water influx in isolated gills of
the goldfish Cara sius auratus L. Comp. Biochem.
Physiol. 44A: 1177--1183,
Oguri, M. and Ooshima, Y. (1977). Early changes in the
plasma osmolality and ionic concentrations of
rainbow trout and goldfish' following direct transfer
from fresh-water to sea water, Bull. Jap, Soc
Fish, 43: 1253--1257.
Oide, H. (1979) Induction of a secondary pressor principle
in the eel kidney by urotensin IT o f carp. Gunma Sym
posia Endocrinol. 6: 57-58.
Oikari, A. (1978). Aspects of osmotic and ionic regulation
in two baltic teleos:s: effects of salinity on blood
and urine composition. Mar, Biol. 44: 345-355.
Pang, P.K. (1977) Osraore ulator
hypophysial hormones in fishes a d amphibians.
Amer. Zool, 17: 739-749.
192
Pang, P.K.T., Griffith, R.W. and Atz, J.W. (1977).
Osmoregulation in elasmobranchs. Amer. Zool. 17:
365-377
Parry, G. (1961). osmotic and ionic changes in blood and
muscle of migrating salaonids. J. Exp. Biol. 38:
411-427.
Parry, G. (1966). Osmotic adaptations in fishes. Biol.
Rev. 41: 392-444.
Parvatheswararas, V. (1967). Some mechanisms of salinity
acclimations in the euryhaline teleost, Etroplus
maculatus. Mar. Biol. 1: 97-101.
Pfeiler, E. and Kirschner, L.B. (1972). Studies on gill
ATPase of rainbow trout Salmo gairdneri) Biochim.
Biophys. Acta , 282: 301-310.
Phillips, A.M,jr., Livingston, D.E. and Dumas, R.F. (1960).
Effect of starvation and feeding on the chemical
composition of brook trout. Prog. Fish Cult. 22:
147-154.
Philpott, C.W. and Copeland D.E. (1963). Fine structure
of chloride cells from three species of Fundulus.
J. Cell Biol. 18: 389-404.
193
Pic, P. (1975). Effects des prostaglandines (PG)E1 et F2
sur les echanges branchiaux d'eau, de Na+ et Cl-
chez Mugil capito adapte a l'eau de mer. J, Phsiol
(Paris), 71: 146A.
Pickford, G.E. and Grant, F.B. (1967). Serum osmolality
in the coelacanth Latimeria balumnae: Urea retention
and ion regulation Science 155: 568-570
Pickford, G.E., Griffith, R.W., Torrette, J., Hendler, J
and Epstein, F.H. (1970a). Branchial reduction in
renal stimulation of (Na+-K+) ATPase by prolactin in
hypophysectomized killifish in fresh water. Nature
(Cond.) 228: 378-379.
Pickford, G.E., Pang, P.K.T., Weinstein. E., Torretti, J.,
Hendler, E. and Epstein, F.H. (1970b). The response
of the hypophyscctomized cyprinodont, Fundulus
heteroclitus, to replacement therapy with cortisol:
Effects on blood serum and sodium-potassium adenosine-
triphosphatase in the gills, kidney and intestinal
mucosa. Cen. Comp. Endocrinol. 14: 524-534.
Pickford, G.E. and Phillips, J.G. (1959). Prolactin, a
factor in promoting survival of hypophysectomized
killifish in fresh water. Science 130: 454-455.
194
Poluhowich, J.J. and Parks,* .R. P. (1972). A comparative
study of blood chemistry and respiration in marine
and fresh water eels. Prog. Fish'.: Cult. 34: 33_389
Potter, I.C. and Beamish, W.H. (1978). Changes in
haematocrit and haemoglobin concentration during
the life cycle of the anadromous sea lamprey,
Petrom,zon marinus L. Comp. Biochem. Physio'.
.60A: 431-43L.
Putnam, R, W. and Freel, R.W. (1978). Hematological
parameters of five species of marine fishes. Comp.
Biochem. Physiol, 61A: 585_588.
Rao, G.M.M. (1963). Oxygen consumption of rainbow trout
(Salmi airdneri) in relation to activity and
salinity. Can, J. Zool. 46:. 781-76b.
Rao, G.M.M. (1971). Influence of activity and 'salini ty on
the weight-dependent oxygen consumption of the
rainbow trout, Salmo airdn-eri, Mar. Biol. 8: 205-
212
Reynolds, W.W. and Thomson, B.A. (1974), Temperature and
salinity tolerances of young gulf of California
grunioli TL::uresthes sardina (Atheriniformes: Atherinidae).
J. Mar. Res. 32: 37-45.
195
Roberston, J.D, (1954), The chemical imposition of the
blood of some aquatic chordates, including membranes
of the Tunicata, Cyclostomata and 0s- t elchthyes,
J. Exp, Biol, 31: 424-442.
Robertson, J. D, (1975). Osmotic
constituents of the blood
plasma and parietal muscle of Squalus acanthias
Biol. Bull, 148: 303.-319,
Robertson, J.D. (.1976). Chemical composition of the body
fluids and muscle of the hagfish M xine lutinos
and the rabbit-fish Chimaera monstrosa, J. Zool.
Lond. 178. 261-277,
Sargent, JAR., Thomson, A.J. and Bornancin, M. (1975).
Activities and localization of succi nic de hydro--
genase and Na+/K+ -activated adenocine-triphosphatase
in the gills o. fresh water and sea water a trater eels
(Anguilla angilla). Comp, Biochem. Ph siol.
75--79.
Sawyer, W.H. (1973). Discussion: Endocrines and osmo-
regulation among fishes, Amer, Zool. 13: 819-821.
Sawyer, W. Hr, and Bern, H.A. (1963)o Examtination of the
caudal neurosecretory system of Tilania mossambica
(Teleostei Cichlidae) for the presence of neuro-
hypophysial-like activity. Amer. Zool, 3: 555-556
(abstract).
196
Schmidt-Nielsen,, B. (1977). Volume regulation of muscle
fibres in the killifish, Fundulus heteroclitus,
J. Exp. Zool. 199: 311-418,
Schmidt-Nielsen Bo and Renfro, J.L. (1975). Kidney
function of the American eel Anguilla rostrata.
J• Amer. J. Physiol. 228: 228: 420 -431.
Schmidt-Nielsen, K. (1975). Scaling in biology: The
consequences of size. J. Exp.- Zool, 194: 287-308.
Sharratt, B.M., Chester Jones, I. and Bellamy, D. (1964),
Water and electrolyte composition of the body and
renal function on the eel (Ang uiyla anviloa L.).
Comp. Biochem, Physiol. 11: 9-18.
Shen, A.C.Y. and Leatherland, J.F. (1978). Effect of
ambient .salinity on ionic and osmotic regulation
of eggs, larvae, and alevins of rainbow trout
(Salmo g dneri), Can. J. Zool. 56: 571-577.
Shirai, N. and Uti.da, S. (1970). ,Development and
degeneration of the chloride cell during sea water
and fresh water adaptation of the Japanese eel,
Anguilla j ationica. Z. Zellforsch, 103: 247-264.
Shuttleworth, T. J,, and Freeman,. R. F, H (1973). The role
of the gills in sea water adaptation in Anguilla
die f fenbachii III. The relative significance of the
gills. J. Comp. Physiol. 86: 323-330.
197
Shuttleworth, T.J. and Freeman, R.F.H. (1974a), Factors
affecting the net fluxes of ions in the isolated
perfused gills of freshwater Anguilla dieffenbachii,
J. Comp. Physiol. 94: 297-307
Shuttleworth, T. J, and Freeman, R.F.H. (1974b), Net fluxes
of water in the isolated gills of AnEuilla
dieffenbachii. J, Exp. Biol, 60: 769-781,
Smith, J.B. and Willis, A.L. (1971). Aspirin selectively
inhibits prostaglandin. production in human tlatelets,
Nature New Biol. 231: 235-238,
Smith, M.W., Ellory, J.C. and Lahlou, B. (1975). Sodium
and chloride transport by the instine of the
European flounder Platichthys fle us adapted to
fresh or sea water. Pflugers Arch. 357: 303-312.
Spaargaren, D.H. (1976). A comparative study on the
regulation of osrjiatic, ionic and organic-solute
concentratiorc in the blood of aquatic animals.
Comp. Biochem. Physiol, 53A: 31-40.
Spaargaren, D.H. (1978), A comparison of the blood osmotic
composition of various marine and brackish-water
animals, Comp. Biochem. Physiol. 60: 327-333.
Stanley, J.G. and Fleming, W.R. (1964). Excretion of
hypertonic urine by a teleost. Science 144: 63-64.
198
Steen, J.B. and Kruysse, A. (1964). The respiratory function
of teleostean gills. Comp. Biochem. Physiol, 12: 127-
1420
Takasugi, N. and Bern, H.A. (1962), Experimental studies on
the caudal neurosecretory system of Tilapia mossambicA
Comp. Biochem. Physiol. 6: 289-303
Thomson, A.J. and Sargent, J.R. (1977). Changes in the
levels of chloride cells and.(Na++K+) -dependent
ATPase in the gills of yellow and silver eels
adapting to seawater, J. Exp, Zool. 200: 33-40
Thorson, T.B. (1959). Partitioning of bo dr water in sea
lamprey, Science 130: 99-100,
Thorson, T.B. (1961). The partitioning of body y water in
osteichthyes: Phylogenetic and ecological
implications of aquatic vertebrates. Biol. Bull.
120:.238-254
Thorson,. T.B. (1962). Partitioning of body fluids in the
lake Nicaragua shark and three marine .sharks.
Science 138: 688-6900
Tietz, N.W. (1973) Electrolytes. In: Fundamentals of
Clinical Chemistry (ED. Tietz, N.W.).Saunders,
Philadelphia, pp: 673-697.
199
Towle, D.W., Gilman, M.E. and Hempel, J.D. (1977). Rapid
modulation of gill Na++K+.Dependent ATPase actin:tivity
during acclimation of the killifish Fundu l us
heterocjitus to salinity change. J. Exp. Zool.
202: 179-186.
Tsuneki, K. and Kobayashi, H. (1979). Regeneration of
the caudal neurosecretory cells in the teleosts,
Misgurnus an uillicaudatus and Oryzias latipes. Gunma
Symposia Endocrinol. 16: 69-79.
Turner, C.D. and Bagnara, J.T. (1976). General Endocrinology.
Sanders, Philadelphia.
Umminger, B.C. (1970a). Carbohydrate metabolism in
hypophysectomized killifish at subzero temperature.
Amer. Zodl. 10: 299.
Umminger, B.C. (1970b). Osmoregulatory role of serum
glucose in fresh .aater adapted killifish (Fundulus
heteroclitis) at temperature near freezing. Comp.
Biochem. Physiol. 38A 141-,145.
Umminger, B.L. (1970c). Physiological studies on super-
cooled killifish (Fundulus heterocli tus) III.
Carbohydrate metabolism and survival at subzero
temperature,, J. Exp. Zool. 173:159-174
200
Umminger, B.L. (1971), Osmoregulatory role of serum glucose
in freshwater-adapted killifish (Fundulus heteroclitus)
at temperatures near freezing. Cmp, Biochem. PhyBiol.
38: 141-145.
Utida, S., Hirano, T,, Oide, H., Ando, M., Johnson, D.W.
and Bern, H.A. (1972). Hormonal control of the
intestine and urinary bladder in teleost osmoregulation
Gen. Coiilp,0 Endo c ri r of. Supvl. 13: 317-327,
Jtida., Sol Kamiya, N. and Shirai, N. (1971)o Relationship
between the activity of Na+-K+-activated adenosine-
triphosphatase and the number of chloride cells in
eel gills with special reference to sea water
adaptation, Compe'Biochem. Physiol, 38A: 443-447,
van Vuren, J,H.J, and Hattingh, J. (1978). Seasonal
changes in the haemoglobins of freshwater fish
in their natural environment. Comp. Biochers.
Physiol. 60: 265-268,
Venkatachari, S.A.T. (1974). Effect of salinity adaptation
on nitrogen metabolism in the fresh water fish,
Tilapia mo sambica, I. Tissue protein and amino acid
levels. Mar. Biol. 24: 57-63,
201
Vislie, T. and Fugelli, K. (1975). Cell volume regulation
in flounder (Platic!jts flesus) heart muscle
accompanying an alteration in plasma osmolalit
Comp. Biochem o Physiol. 52A: 415-418.
Wallick, E.T., Lane, L.K, and Schwartz, A. (1979).
Biochemical mechanism of the sodium ump
Physiol. 41: 397-411.
Warner, M.C. and Williams, R.W. (1977) Comparison between
serum values of pond and intensive raceway cultured
channel catfish lctalurus uunctatus (Rafines ue
J. Fish, Biol. 11: 385-3910.
Nilson, J.A. (1979). Principles.of.Animal Physiology
Callier Macmillan, New York.
Vong, T,M, and Chan, U.K.O. (1977), Physiological
adjustments to dilution of the external medium in
the lip-shark Hemisc 11ium pla 1osura (Bennett)
Branchial, renal and rectal gland funs tior, J. Exp.
Zool. 200 85-95..
Woo, N.Y.S. (1976). Effects of salinity and hormonal factors
on the intermediary metabolism cf the Japanese eel,
Anguilia jponica. Temminck and Schlegel. Ph. D. Thesis
202
Woo, Y.S.N. and Bern, H.A. (1978). Vasoactive properties
of urotensins I and II in a Columbiform and three
Gailliform birds, and a bioassay for urotensin I.
J. Comp, Physiol, 126: 193-202.
Woo, N.Y.S. and Bern, H.A. (1979). Vasoactive properties
of urotensis T and II in vertebrates, with special
reference to bras, Gunma Symposia Endo crinol. 16: 29-37.
Woo, N.Y.S. and Cheung, S.I. (1980), Metabolic effects
of starvation in the snakehead, Ophiccophal t:s
maculatus. Comp, Biochem. PhysiQl. (in Press),
Woodman, D.D, and Price, C.P. (1972). Estimation of serum
total lipids, Clin. Chim. Acta 38: 39-43.
Wright, F.S. and Briggs, J.P. (1979). Feedhack control of
glomerular blood flow, pressure, and filtration rate.
Physiol. Revs. 59: 958-1006.
Yagi, K. and Bern, H.A. (1963). Electrophysiologic
inductions of the osmoregulatory role of the teleost
urophysis. Science 142: 491-493,
Yagi, K. and Bern, H. A. (1965). Electrophysiologic
analysis of the response of the caudal neurosecretory
system of Tilapia rnossarnbica to osmotic manipulations.
Gen. Comp. Endocrinol. 5: 509-526.
203
Yamauchi, H., Matsuo, M., Yoshida, A. and Orimo, H. (1978).
Effect or eel calcitonin on serum electrolytes in
the eel Anguilla japonica. Gen. Comp. Endocrinol.
34: 343-346.
Zwingelstein, G., Meister, R. and Brichon, G. (1975).
Metabolisme compare des phospholipides des organes
effecteurs de 1'osznoregulation chez l'anguille
europecr e (Anguilla anguil1a), Biochemie 57: 609-
622.


